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ABSTRACT 
In the present thes is some aspects o f the ijii v i t r o 
e f f e c t of anthelmint ics on the helminth metabolism were i n v e s t i -
gated. The paras i t es were se l ec t ed from two d i f f e r e n t taxonomic 
groups, inhabi t ing two d i f f e r e n t hosts and hab i t a t s . G iqantocoty le 
explanatum were c o l l e c t e d from the b i l e ducts of the common Indian 
water b u f f a l o , Bubalus buba l i s , whi l e S t i l e s i a q lob ipunctata 
were obtained from the i n f e c t e d small i n t e s t i n e s o f the sheep and 
goats slaughtered at the l o c a l aba t t o i r . The anthelmint ics used 
in the present study were: mebendazole and fenbendazole ( b e n z i -
midazole group) ; me t r i f ona t e (organophosphate group) ; and oxyc l o -
zanide ( s a l i c y l a n i l i d e group ) . 
D i f f e r e n t experiments were designed to see the e f f e c t of 
anthelmint ics on G. ex pi anatum i n r e l a t i on to the in vit_:ro 
surv i va l , worm m o t i l i t y , detachment of the woiras from the host 
t i s sue and the topographica l damages. In addi t ion t o t h i s 
experiments v;ere a lso designed t o ascer ta in the r o l e of tegument 
in transmenbranosis and the mode of act ion of these drugs in 
r e l a t i o n to the carbohydrate metabolism and the membrane bound 
enzymes. For t h i s , the e f f e c t of benz imidazoles were studied 
on the glucose uptake and glycogen u t i l i z a t i o n . Various membrane 
bound enzymes l i k e , acid and a lka l ine phosphatases, hexokinase. 
Some enzymes of g l y cogeno l y s i s namely, phosphorylase, phospho-
glucomutase and glucose-6-phosphatase, were also studied in 
presence of mebendazole in order t o i n v e s t i g a t e the e f f e c t of 
t h i s drug at enzyme l e v e l . 
I n f l u ence of me t r i f ona te was also studied on the a c e t y l -
cho l ines t e rase (AChh) of the helminths under study, and the 
poss ib l e funct ion of th i s enzyme in the metabolism. S i m i l a r l y , 
the e f f e c t of oxyclozanide was a lso inves t i ga t ed on the a c t i v i t y 
of malate dehydrogenase (iVDH) of these helminths, because t h i s 
enzyme p lays a key r o l e i n generat ing high energy bonds in the 
helminths m et abo l i sm• 
Since the present study was car r i ed out under i n v i t r o 
cond i t i ons , t h e r e f o r e , i t was decided to study the e f f e c t of 
anthelmint ics on var ious enzymes by two methods: f i r s t l y , by 
the d i r e c t addit ion o f the drugs to the f r e s h l y prepared homo-
/ t \ <- ^ ^ ^ rv-l l^r 1 ri o "t" K O 1 oH* H" 
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woims in medium containing drugs, and t h e i r homogenates were 
prepared f o r the enzyme assays (study I I ) . This was decided 
because, d i f f e r e n t drugs show d i f f e r e n c e s i n t h e i r permeabi l i t y 
across the helminth tegument, which a f f e c t s the degree o f enzyme 
i n h i b i t i o n . Further the mode of act ion of the drugs may a lso 
vary depending upon the mode o f administrat ion of the drugs 
e i t h e r d i r e c t l y to the homogenates, o r t o the i n t ac t worms» In 
add i t i on to t h i s , d i f f e r e n t concentra t ions of the drugs were 
a lso used in order t o study some aspects o f t h e i r pharmacokinetics. 
In order t o carry out these s tud i es , the standard spec t ro -
photometric, kymographic m o t i l i t y record ing , autoradiographic , 
scanning e l ec t ron microscopic , e l e c t r opho re t i c and cryotomy 
techniques were used. 
MEBHNDMOLE; 
Mebendazole being broad spectrvam anthe lmint ic , i t 
i n h i b i t s the g lucose uptake and also causes d ep l e t i on in endo-
genous g lycogen content, i n both the paras i t es understudy. 
From the present biochemical and histochemical r e su l t s , i t i s 
suggested that the i n h i b i t i o n o f g lucose uptake i s probably due 
t o the i n h i b i t i o n of the acid and a l ka l i n e phosphatases and 
adenosinetriphosphatase due t o mebendazole. However, the drug 
i n h i b i t s the g lucose uptake in S. q lob ipunctata at a h igher 
l e v e l as compared to G. explonatum. Meoendazole has no e f f e c t 
on the hexokinase a c t i v i t y of ooth the paras i t es understudy. 
The glycogen content i s dep le ted i n these worms bv 
mebendazole only when g lucose i s present in the incubat ion 
medium. Thus, the glycogen dep l e t i on i s a secondary e f f e c t of 
mebendazole which occurs due t o the i n h i b i t o r y e f f e c t of t h i s 
drug on the g lucose uptake (pr imary e f f e c t ) . The drug a f f e c t s 
the l e v e l of phosphorylase and phosphoglucomutase a c t i v i t i e s 
in these pai^asites, due t o which probably, the g lycogen i s 
dep l e t ed . Mebendazole i n h i b i t s the glucose-6-phosphatase 
a c t i v i t y in S. globipunct ata on ly , and in G. ex pi anat um the 
drijg has no e f f e c t . I t i s also found simultaneously, that 
mebendazole i n h i b i t s the fo imat ion of f r e e g lucose only i n 
qlobii;unct at a, whi le in G. explanatum the formation o f f r e e 
g lucose remains una f f e c t ed . Thus, i t appears that mebendazole 
i n h i b i t s the u l t imate formation of ATP in S. qlobipunct at a due 
t o the i n h i b i t i o n in g lucose-6-phosphatase, whi le in 
G. ex pi an at urn, the drug probably i n t e r f e r e s at f u r t h e r steps 
in the g l y c o l y t i c pathway. 
Mebendazole causes g lycogen d e p l e t i o n at a h igher l e v e l 
in G. ex pi an at um as compared to S. qlobipunct ata. The auto-
radiographic study also r e vea l s that mebendazole probably 
causes d e t e r i o r a t i o n in the tegument of G, ex pi anatum, due to 
which, the t r i t i a t e d g lucose i s unable t o move across the 
tegument. Thus, i t also conf irms that the trematode tegument 
i s also involved in the g lucose uptake processes, bes ides the 
i n t e s t i n a l caecae, 
3uoli yiuuube uptaKe i nn iD i t i on and endogenous g lycogen 
dep l e t i on , probably causes decreased generat ion of ATF, and these 
e f f e c t s are u l t imate l y manifested in the reduction of the 
i n v i t r o surv iva l of G, explanatum and disturbance in the worm 
m o t i l i t y (burs ts and l u l l s ) which causes detachment of the worm 
from the host t i s s u e . Mebendazole causes a minor topographica l 
damage in G. expl anatum in the form of few s u p e r f i c i a l l e s i ons 
and p a p i l l a e damage. These topographica l damages probably 
produce a l t e r a t i o n s in the trematode tegument, which u l t ima t e l y 
i n h i b i t s the transmembranosis of g lucose . 
FBNBEIMDAZOLE; 
Fenbendazole has more o r l e s s , a s im i l a r act ion l i k e 
mebendazole in the paras i t es understudy. I n h i b i t i o n in g lucose 
uptake i s at a h igher l e v e l in S. qlobipunct at a as compared 
"to G. ex pi anatum, whi le the e f f e c t on g lycogen dep l e t i on i s in 
the reverse order , Fenbendazole causes g lycogen d ep l e t i on in 
these helminths, even i n the absence of g lucose from the medium, 
which suggests tha t , i t i s a d i r e c t act ion of fenbendazole on 
g lycogen d e p l e t i o n . 
L i k e mebendazole, t h i s drug i s also unable to cause 
mor ta l i t y in G. expl anatum, but causes disturbance in the 
worm m o t i l i t y w i th in a short per iod of t ime. Fenbendazole 
reduces the ^ v i t r o surv iva l t ime of G. expl anatum and enhance 
the percent worai detachment from host t i s s u e . The topographica l 
damages produced by fenbendazole are more pronounced as compared 
to mebendazole i n G. expl anatum. 
Mebendazole and fenbendazole , both belong t o the benzimi-
dazo l e group, and hence, t h e i r mode of act ions may be s im i l a r 
upto some extent in the paras i t es understudy. However, fenben-
dazo le i s found to be more e f f e c t i v e than mebendazole i n the 
present comparative study, except in g lucose uptake i nhb i t i on , 
where mebendazole i s more e f f e c t i v e than fenbendazole . 
D i f f e r e n c e s i n the primary and secondary e f f e c t s of these two 
benzimid azol e compounds, cannot be, however, ruled out, 
METfilFQNATE; 
Me t r i f ona t e i n h i b i t s the g lucose uptake at a h igher 
l e v e l in G, expl anatum as compared t o S, q lobipunct at a, probably 
because the surface p a p i l l a e of trematode are more s ens i t i v e 
t o t h i s drug as compared to the mic ro t r i ches of cestode. The 
recovery in the g lucose uptake i n h i b i t i o n a f t e r c e r t a in per iod, 
in the helminths understudy was also no t i ced . I t appears that 
me t r i f ona t e i s unable to des t roy the microtubular systans of 
the tegument as reported f o r the benzimidazole compounds. 
Me t r i f ona t e has no e f f e c t on the g lycogen l e v e l of G. explanatum, 
but in -S . q lob ipunctata , the drug induces a s l i g h t increase in 
the g lycogen l e v e l . Further studies are however, required t o 
i n v e s t i g a t e the reasons f o r such an increase in the g lycogen 
l e v e l in t h i s cestode due to me t r i f ona t e . 
Me t r i f ona te i n h i b i t s the t o t a l l e v e l s o f A H h F ;ir.t.ivitv 
and also the v i t r o sec re t i on of kChE, in the paras i t e s 
understudy. Histochemical t e s t s have shown that AChE and 
non-spec i f i c esterase are also present in the non-nervous 
t i s s u e ( tegument ) , and me t r i f ona t e i n h i b i t s these es te rases 
from the tegument. These experiments suggest that AChE of 
these helminths are probably invo lved i n the permeab i l i t y 
bes ides t h e i r establ ished r o l e in the neurotransmission. 
The AChE in these helminths, occur in isozyme forms and only 
one isozyme in G. expl anatum and a l l isozymes in qlobipunct at a 
are inh ib i t ed by me t r i f ona t e . This suggests that only the 
i nh ib i t ed isozymes are s e n s i t i v e t o me t r i f ona t e and respons i -
b l e f o r the i n h i b i t i o n of g lucose uptake and r e v e r s i b l e 
f l a c c i d pa ra l y s i s . 
Met r i f ona t e , in a l l concentrat ions , para lyze G« expl anatum 
with the increase of drug concentrat ion, the time taken t o 
produce para l ys i s simultaneously decreases, and a h igher 
percentage of worrrs are detached from the host t i s s u e . 
-5 
M o t i l i t y recordings reveal that 19.4 x 10 M met r i f ona te 
produces f l a c c i d para lys is v^ithin 8-9 minutes. These 
experiments suggest that poss ib ly AChE i s i n v o l v e in the 
nerve transmission in helminth paras i t e , Me t r i f ona t e causes 
s u f f i c i e n t topographica l damages in G, expl anatum. The 
pap i l l a e c o l l aps e and even burst, forming l e s i o n s and also 
the tegument l a y e r s are p ee l ed - o f f due t o t h i s drug. I t 
seems that these p a p i l l a e are respons ib le f o r the secre t i on 
of AChE. E f f e c t s of me t r i f ona t e on these p a p i l l a e u l t ima t e l y 
cause neuromuscular incoord ina t i on and i n h i b i t i o n in g lucose 
uptake. However, f u r t h e r studies are required t o ascerta in 
the exact r o l e of AChE in transmembrane s i s . Me t r i f ona t e 
i n h i b i t s AChE sec re t i on in G. expl anatum at a h igher l e v e l 
as compared to S. q lob ipunctata , probably because of the 
d i f f e r e n c e s in the nature of the tegument. 
OXYGLQZANIDE; 
The biochemical , histochemic al and e l e c t i o p h o r e t i c 
s tudies reveal that oxyc lozanide i n h i b i t s MDH s i g n i f i c a n t l y 
G* expl anatum and i n s i g n i f i c a n t l y i n S. qlobipunct ata. 
Two isozymes of MDH in G, expl anatum, wh i l e none in 
S. qlobipunct at a, are i nh ib i t ed by oxyc lo zan ide . The dnjg 
induces an i r r e v e r s i b l e spast ic para lys is in G. explanatum 
coon OS the worm comes in t o the d i r e c t contact of the drug 
and also causes 100% worm detachment from the host t i s sue . 
Oxyclozanide produces the most severe and most 
pronounced topographica l damages in G. expl anatum. The worms 
are deshaped, concentr ic wr inkles appear ove r the ventra l 
surface and dorsal sur face becomes smooth, deep c r a t e r - l i k e 
l e s i o n s are formed. The p a p i l l a e almost d isappear from the 
body sur face and the parenchymatous t i s s u e s , as we l l as, the 
in t e rna l organs were also exposed. Damages i n the inner 
1 1 ni nn nf t.hp ;:)(-: pt ^h: 111 im iTrnh;^blv nont ri hnt. pc; f n r t.hp miirlr 
detachment of the amphistome from the host t i s s u e . I t appears 
that oxyc lozanide i s b a s i c a l l y a f l u k i c i d e and can be used 
s a f e l y against the amphistomes. 
The present i n v e s t i g a t i o n s ore qu i te encouraging 
which tempt to i n f e r that d i f f e r e n t anthelmint ics have vcr ious 
mode of act ions i n d i f f e r e n t paras i t es belonging t o d i f f e r e n t 
taxonomic groups. These d i f f e r e n c e s are a lso poss ib ly c o r r e -
l a t ed with the microenvironments of the pa ras i t e s , and t o the 
pharmacokinetics and pharmacodynamics o f the drugs. However, 
f u r the r studies are also suggested to ascer ta in these e f f e c t s 
caused by these anthelmint ics , should be i n v e s t i g a t ed under 
in v ivo cond i t i ons . 
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TO 
NASHEEN 
G H A P T c R - I 
1 
INTRDDUCTION 
In Indian economy, ruminants play an important r o l e and 
the importance o f c a t t l e alone l i e s in the a g r i cu l tu r e , da i r y 
products and l e a t h e r i n d u s t r i e s . Among the farmers, the 
qua l i t y and quantity of c a t t l e i s a symbol of s o c i a l and 
economical status, p a r t i c u l a r l y in the agrar ian s o c i e t i e s . 
According to 1972 l i v e s t o c k census in Ind i a , the re are 
17,8 m i l l i o n c a t t l e , 5,8 m i l l i o n b u f f a l o e s , 6,5 m i l l i o n goats 
and 4 .0 m i l l i o n sheep. Thus i t c ons t i tu t e s near ly 11^ o f the 
t o t a l l i v e s t o c k population o f the wor ld . The l a r g e s t number 
of c a t t l e (about 15,0;^) are found in U t t a r Pradesh, among 
which 21.5% are b u f f a l o e s on ly . The l i v e s t o c k populat ion of 
the Indian subcontinent cont r ibutes l i t t l e t o the i n t e rna t i ona l 
t rade in meat products, but domes t i ca l l y i t i s of great 
importance in prov id ing mi lk , mi lk-products , t r anspo r t , i r r i -
ga t ion and dung f o r the f u e l o r energy product ion. 
A recent est imate i n d i c a t e s that t h e c a t t l e contr ibute 
Rs, 1,174,65 m i l l i o n t o the nat iona l income. Of the t o t a l 
income from animal husbandry, 64.5% i s contr ibuted by milk and 
mi lk-products ; c a t t l e manure, 9,7%; f u e l 9,7%; meat and meat 
products, 7.9%; hides and skins, 2.5%; ha i r and wool 1.1%, 
C a t t l e serve in t ransport too and 300 t o 500 m i l l i o n s of 
rupees, however, are assessed to be the value o f c a t t l e labour 
in I n d i a . From the exports o f t a l l o w , animal cas t ings , c a t t l e 
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t a i l ha i r , horns, hooves and hoofmeal, the country ge ts about 
Rs, 6 m i l l i o n per year . The annual a v a i l a b i l i t y of raw bones 
i s valued approximately Rs. 8 m i l l i o n . This data c l e a r l y 
i nd i c a t e s the importance of c a t t l e in the nat iona l economy. 
Despi te i t s importance, the t r o p i c a l l i v e s t o c k produc-
t i v i t y i s qu i t e low as v i sua l i z ed by Pino (1981 ) , This i s 
only because of neg lec ted management and poor hea l th of the 
animals. Leve l s of p r oduc t i v i t y of ex i s t ing c a t t l e producing 
reg ions are in f luenced by c l imate , qua l i t y and quant i ty of 
a va i l ab l e f o rage , management systems, genet i c c h a r a c t e r i s t i c s 
o f the stock and l a s t but not the l e a s t , d i seases . Among the 
var ious d iseases of l i v e s t o c k , helminth i n f e c t i o n s cause a 
g rea t havoc. 
Paramphistomiasis of l i v e s t o c k i s now regarded as a 
d i sease o f g rea t economic importance. Amphistome i n f e c t i o n s 
i n domestic luminants are wide ly preva lent in Ind ia and t h i s 
prevalence has a c o r r e l a t i o n with the areas known f o r i r r i g a -
t i o n and agr i cu l ture ( a s shown in F i g . 1 ) . High m o r t a l i t y rates 
o f c a t t l e have been reported due t o ep i z oo t i c o r sporadic 
outbreaks of paramphistome i n f e c t i o n s , p a r t i c u l a r l y among the 
young stocks (Dut t , 1980). Acute paramphistomiasis in ruminants 
i s character i zed by severe d iar rhoea , hepat ic f i b r o s i s , l o s s 
o f weight , marked weakness and high rates o f morbidi ty and 
m o r t a l i t y . 
F i g , i : Major outbreaks and prevalence of amphistome 
i n f e c t i o n in the l i v e s t o c k of Ind ia and i t ' s 
c o r r e l a t i o n with the areas known f o r i r r i g a -
t i o n and ag r i cu l tu re . 
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The cestodes , also cause a g rea t deal of pa tho log i ca l 
e f f e c t s to t h e i r hosts . Severe ces tode i n f e c t i o n s are f a t a l 
to the young animals and are o f t e n the p r inc ipa l cause of 
un th r i f t i n e s s i n animals of a l l ages. The helminthic d i sease 
also lowers v i t a l i t y and res i s tance t o o ther v i r a l and 
b a c t e r i a l d i seases . 
No in format ion i s a va i l ab l e about the actual l o ss caused 
by these helminth i n f e c t i o n s anong the l i v e s t o c k in Ind ia , 
but i f we manage t o contro l the p a r a s i t i c i n f e c t i o n s , then 
the present estimated contr ibut ion t o the nat ional economy 
by the c a t t l e alone, can be increased in many f o l d s . Secondly 
with the increas ing human populat ion, the demand of animal 
prote ins has also been increased. There f o re , i t i s necessary 
not only t o increase herd numbers but a lso t o improve the 
general hea l th condi t ions of the l i v e s t o c k . This i s only 
poss ib le by proper management and by the cont ro l of var ious 
i n f e c t i o n s of the l i v e s t o c k inc luding the paramphistomiasis, 
which has not ye t rece ived much a t t en t i on by the pa ras i t o -
l o g i s t s of the t r o p i c a l countr i es . 
The poss ib l e ways to con t ro l paramphistomiasis and 
other helminth i n f e c t i o n s , i n vo l v e s an in tegra ted approach of 
d i f f e r e n t type o f contro l methods. 
For an e f f e c t i v e cont ro l measure, the study of the 
r e l a t i o n s h i p between various environmental f a c t o r s determining 
the frequency and d i s t r i b u t i o n o f the d iseases i s necessary . 
There fo re , i t i s very important t o work out the b i o l o g y o f 
snai l populat ions, inc luding the f a c t o r s responsib le f o r the 
i n f e c t i o n o f sna i l s with the l a r v a l s tages , seasonal popula-
t i on dynamics of the l a r v a l and adult s tages , and the f a c t o r s 
determining the i n f e c t i o n i n the d e f i n i t i v e hosts . This basic 
knowledge w i l l he lp in dev i c ing an e f f e c t i v e ep idemio log ica l 
con t ro l measure by in te r rupt ing the l i f e c y c l e o f the trema-
tode pa ras i t e s . 
Cont ro l l ed graz ing o f animals i s another method f o r 
checking the prevalence of p a r a s i t i c i n f e c t i o n s . This method 
required t o manage r e s t r i c t e d movement o f the l i v e s t o c k o v e r a 
sa f e area of the graz ing f i e l d , in o rde r to f ence o f f the sna i l 
hab i ta ts and avoid access of the c a t t l e t o such hab i t a t s . 
The mo l lusc i c ides can a lso play an e f f e c t i v e r o l e f o r 
the cont ro l of snai l populat ions. As a consequence of the 
r i s ing cos t s o f the synthet ic mo l lusc i c i des , an increas ing 
i n t e r e s t i s being deve loped in p lants showing mo l lusc i c i da l 
p rope r t i e s . Compounds l i k e saponins, f l a vano ids , a lka l o ids 
and te rpeno ids have shown encouraging r e su l t s . An appealing 
aspect o f these natural plant products i s t ha t , wh i l e they may 
be h igh ly t o x i c , they degrade very r ap id l y when released i n t o 
the environment. The mo l lusc i c ides should be sprayed at 
regu lar i n t e r v a l s i n order to k i l l the sna i l s of a l l ages. 
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This w i l l ensure the k i l l i n g of snai l populat ion of a p a r t i c u l a r 
pond o r r e s e r v o i r , without provoking much t o x i c i t y to o ther 
aquatic animals. 
Quarantine i s also a method where i n f e c t ed animals can 
be phys i ca l l y separated from healthy ones, and r e s t r a i n t s can 
be placed on the movements of the i n f e c t e d animals as we l l as 
on the products that may have been contaminated. 
The chemotherapeutic method i s dependent upon the ava i -
l a b i l i t y and use of sa f e and cheap therapeut i c agents. This 
contro l method can only be applied when the i n f e c t i o n ra te 
shows a sudden r i s e i n order t o check the prevalence o f 
i n f e c t i o n . 
Immunological contro l can be a pe r f e c t means of e r ad i -
cat ing helminth i n f e c t i o n s , but the knowledge o f nature and 
cha rac t e r i z a t i on o f antigen and antibody r es i s tance in 
amphistome i n f e c t i o n s i s very meagre, hence p r a c t i c a l l y nothing 
has been achieved in t h i s f i e l d . Recent studies suggest that 
in amphistomes, secre tory antigens and some sur face antigens 
are present, and the p o s s i b i l i t y t o deve lop the ant ibod ies 
against such ant igens, cannot be ruled out f o r the d iagnos t i c 
t e s t s and f o r the development of vacc ines . 
Considering the episodes of paramphistomes and o the r 
helminths, i n the economic l o sses o f the nat ion, the r e i s an 
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obvious need t o deve lop new anthelmint ics which w i l l be e f f e c -
t i v e against these p a r a s i t i c i n f e c t i o n s . There i s a g rea t 
need t o know much about the mode of act ion o f the ex i s t ing 
anthe lmint ics . This w i l l he lp in t o des igning s a f e r and more 
e f f e c t i v e drugs act ing on a wide range of worm spec ies . At 
present the recent trend of research in medical and v e t e r ina ry 
paras i t o l ogy i s t o deve lop such anthelmint ic diugs which do not 
cause any harm to the host but are e f f e c t i v e against the para-
s i t e s . Today pharmacologists are exp la in ing drug act ion on a 
physiochemical bas i s . The basic concept i s tha t the drugs 
exer t t h e i r e f f e c t by i n t e r f e r i n g wi th some metabol ic a c t i v i t y 
of paras i t es to cause membrane a l t e r a t i o n s , enzyme i n h i b i t i o n 
o r uncoupling of energy mechanism. More e f f e c t i v e e rad i ca t i on 
of pa ras i t e s can be achieved only when phys i o l og i ca l and 
biochemical in format ion about the paras i t e s and t h e i r r e l a t i o n -
ship to the host i s a v a i l a b l e . The re f o r e , f o r deve lop ing 
e f f e c t i v e drugs, a c l e a r understanding of the phys i o l o g i ca l 
and biochemical aspects of paras i t es i s a lso necessary. 
General ly , in the development o f new drugs, the basic 
two approaches have been p rac t i c ed . F i r s t l y , the empir ica l 
approach, which i n v o l v e s the screening of thousands of natural 
and synthet ic compounds. This may obv ious ly cos t m i l l i o n s of 
rupees and above a l l , can take a long period of t ime f o r the 
development of one s i n g l e new compound. The second approach 
i s the ra t i ona l approach, where the advances in the d e t a i l e d 
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knowledge o f phys io logy and b iochemistry of both paras i t es 
and t h e i r hosts i s required. Such comparative s tudies w i l l 
provide the knowledge of the d i f f e r e n c e s i n metabol ic processes . 
I f any metabol ic step which i s present in the paras i t e but i s 
absent in the h o s t ' s metabolism, can u l t ima t e l y foim a po t en t i a l 
s i t e f o r the chemotherapy of the p a r a s i t e . This approach has 
been used f o r the development o f new drugs, which i s more t o x i c 
t o paras i t e but l e a s t t o x i c t o the hos t . 
As Ba r r e t t (1981) pointed out that many biochemical 
d i f f e r e n c e s between helminths and hosts are now known, but the 
ra t iona l approach t o the pa ras i t e chemotherapy has yet to 
produce a success fu l compound. P o s s i b l y , in comparison with 
the empir ica l method, the ra t i ona l approach has not had a 
s u f f i c i e n t l y long t r i a l . More promising, perhaps, i s the 
semi - ra t iona l approach i n which knowledge gained from the mode 
of act ion o f o n p i r i c a l l y d iscovered drugs, i s used as a bas i s 
f o r the synthesis of improved compounds. 
The advancement and development o f modem b i o l o g i c a l 
techniques, inc luding transmission and scanning e l e c t r on 
microscopy, rad io i so tope l a b e l l i n g , f luo rescen t antibody l a b e l l -
ing , formation of monoclonol ant ibod ies by the hybridoma 
technology , f r e e z e - f r a c t u r e techniques, in v i t r o cu l ture e t c . , 
have r e vo lu t i on i s ed our understanding o f the phys io logy o f the 
helminths. I n s p i t e of such modern developments, the mode of 
9 
act ion of the ma jo r i t y of the cu r r en t l y a va i l ab l e anthelmint ics 
are not known c l e a r l y . However, the d e s i r a b l e q u a l i t i e s of an 
i dea l and po t en t i a l anthelmintic f o r v e t e r ina ry use, inc lude 
a wide therapeut ic index, e f f i c a c y , s a f e t y , ease of adminis-
t r a t i o n and low c o s t , 
Rew (1978) pointed out the poss ib l e reasons f o r the 
non-avai l a b i l i t y of the in format ions regarding the d e f i n i t e 
mode of ac t ion of the anthe lmint ics . According t o him, 
" s u f f i c i e n t quan t i t i e s of worms are d i f f i c u l t t o obta in f o r 
appropr iate analyses because time and expenses make l a r g e -
sca l e in v i t r o or in v i v o paras i t e production near ly p r o h i b i t i v e ; 
only a very few r es i s tan t mutants are a va i l ab l e t o aid analyses 
if 
of the a l te red pathways. On the contrary t o t h i s , the l i v e s t o ck 
maintained in Indian condi t ions , harbour a l a r g e number of 
helminths as a natural i n f e c t i o n round the year . I n s p i t e of 
such heavy i n f e c t i o n s , the chemotherapeutical contro l o f 
paramphistomes and cestodes s t i l l remain somewhat neg l ec t ed . 
The d e t a i l s o f the biochemical and molecular mode of act ion 
of the anthelmint ics on these pa ras i t e s are s t i l l in i n f ancy . 
Prev ious i n v e s t i g a t i ons which have been c a r r i e d out on th e 
mode o f act ion of anthelmint ics and the reviews of the l a s t few 
years on these aspects(Van den Bossche, 1976; Co les , 1977; 
B ehm and Bryant , 1979) suggest that the anthelmint ics b a s i c a l l y 
have e i t h e r o f the f ou r mode o f ac t i ons . F i r s t l y , they may act 
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on the neuromuscular systems of the helminths by i n h i b i t i n g 
ace t y l cho l ines t e rase ; b locking o r mimicing ace t y l cho l ine ; 
d e p o l a r i s i n g , hyperpo lar i z ing and b lock ing the neuromuscular 
systems; r esu l t ing i n t o e i t h e r increase or decrease in t h e i r 
a c t i v i t y causing para l ys i s o r death. Secondly, most of the 
helminths u t i l i z e the carbohydrate as a source of energy, and 
many anthelmint ics d isrupt the intermediary carbohydrate 
energy metabolism of helminths. They may i n h i b i t g l y c o l y s i s , 
g lucose uptake, d isrupt glycogen metabolism, o r may uncouple 
the o x i d a t i v e phosphorylat ion. Th i rd l y , they may i n t e r f e r e 
with the nuc le ic acid metabolism by i n h i b i t i n g the synthes is 
of RNA, L a s t l y , many anthelmint ics may cause the u l t r a -
s t ructura l damages t o the paras i t e s and thus may d isrupt t h e i r 
metabolism. Hence i t appears that a compound which causes 
adverse e f f e c t s and produce changes i n the metabolism of a 
helminth pa ras i t e , but not in the host , i s a po t en t i a l anthel-r 
m in t i c . 
The b iochonica l mode o f act ions o f few anthelmint ics are 
known with c e r t a i n i t y , but i t i s we l l understood that most 
anthelmint ics seem t o have mu l t i p l e e f f e c t s . I t should o f course 
be r ea l i z ed that pixibably no drug i n h i b i t s only one process . 
Drugs in t e r rup t ing a metabol ic sequence, i n h i b i t r a r e l y , i f 
ever , only a s ing l e enzyme (von Brand, 1973). The anthelmint ics 
can have mu l t i p l e e f f e c t s resu l t ing in t o a conspicuous damage 
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t o the pa ras i t e s , but no g ene ra l i z a t i on i s poss ib le at the 
present s t a t e of our knowledge. 
The present study i s an attempt t o i n v e s t i g a t e the mode 
of act ion of some common anthe lmint ics , in o l d e r t o work out the 
poss ib l e s i t e of drug act ion i n the pa ras i t e s . The s tudies are 
made on the f r e s h l y prepared homogenates of the worms as we l l 
as on the i n t a c t worms. As von Brand (1979) suggested that in 
order t o understand the mode of act ion of a drug, a p a r t i c u l a r 
enzyme should be inh ib i t ed in the homogenates j j i v i t r o as we l l 
as in the i n t a c t worms, s ince drugs having an e f f e c t on the 
homogenates in v i t r o may react d i f f e r e n t l y , o r the degree of 
i n h i b i t i o n may vary in the i n t a c t worms. 
The present work has been car r i ed out on G iqantoco ty l e 
expl an atum from b i l e duct of b u f f a l o and S t i l es ia ql obi punctata 
from small i n t e s t i n e of sheep and goats . These two spec ies 
have been se lec ted due t o many reasons. They belong t o two 
d i f f e r e n t hos ts , two d i f f e r e n t hab i ta t s and t o two d i f f e r e n t 
taxonomic groups. The f a c i l i t i e s a v a i l a b l e t o the author were 
l i m i t e d and the work was car r i ed out i n a moderately equipped 
l abo ra t o r y . E f f e c t of some anthe lmint ics namely mebendazole, 
fenbendazole , me t r i f ona te and oxyc lozan ide have been i n v e s t i -
gated on the paras i t es understudy. The mode of act ions o f 
these anthelmint ics have been studied on phys i o l og i ca l and 
biochemical bas is . The two spec ies are used as the model 
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paras i t es in order to study the i n f l u e n c e of niche d i v e r s i f i -
ca t i on and host d i f f e r e n c e on the phys i o l og i ca l and biochemical 
mode o f act ions of the anthelmint ics on two paras i t es belonging 
t o two d i s t i n c t taxonomic groups. 
The anthelmint ics belonging t o benzimidazole compounds 
(mebendazole and f enbendazole) , organophosphorus compound 
( m e t r i f o n a t e ) and s a l i c y l a n i l i d e compound ( oxyc l o zan ide ) have 
been se l ec ted f o r the present study. 
In order t o i n v e s t i g a t e the p r i l im inary e f f i c a c y of 
these anthe lmint ics , the in v i t r o surv i va l and m o t i l i t y of the 
woiras were observed in presence o f drugs with d i f f e r e n t d i l u -
t i o n s . E f f e c t o f these drugs were a lso i nves t i ga t ed on the 
d i f f e r e n t aspects o f carbohydrate metabolism l i k e g lucose uptake 
and g lycogen metabolism. Enzymes respons ib le f o r transmembra-
nos is and o the r enzymes have a lso been estimated in o rde r t o 
f ind out the actual s i t e of the drug act ion in carbohydrate 
metabolism and uptake processes. 
Further, in order t o i n v e s t i g a t e the physio logy of m o t i l i t y 
and t o work out the poss ib l e r o l e o f a c e t y l cho l ines t e rase (AChE) 
s e c r e t i on , d i f f e r e n t experiments were designed t o ascer ta in 
t h e i r poss ib l e r o l e by b locking AChE a c t i v i t y wi th me t r i f ona t e . 
The enzyme i n h i b i t i o n and d i s t r i b u t i o n have also been confirmed 
by h is toenzymolog ica l s tudies and by isozyme separat ion on g e l 
by e l e c t r opho r e s i s . 
o 
The topographica l damages produced by the drugs were 
also studied by scanning e l ec t ron microscope. A l l these s tudies 
have been c o r r e l a t e d t o f ind out the comparative e f f i c a c i e s o f 
the drugs understudy and t h e i r mode of act ions in the two 
paras i t es understudy. 
I t i s hoped that the present work would s t imulate and 
i n i t i a t e f u r t h e r research on the comparat ive ly l e s s studied 
area of the pharmacological contro l of pa ras i t e s . Further, i t 
would c e r t a i n l y encourage the understanding of the i n t r i n s i c 
biochemical r e l a t i o n s h i p between the metabol ic a c t i v i t i e s o f 
d i f f e r e n t helminth paras i t e s . L a s t l y , i t i s hoped that such 
studies would also prov ide an i n s i g h t t o those who are 
i n t e r e s t ed in studying the mode o f ac t i on o f drugs and/or, i n 
des igning o f new anthelmint ics through the development of 
in v i t r o and ^ v i v o models, t o improve the chemotherapy of 
the helminth pa ras i t e s , e s p e c i a l l y f o r the con t ro l of p a r a s i t i c 
i n f e c t i o n s . 
C H A P T E R - I I 
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HISTORICAL REVIEW 
I f we look back i n t o the h i s t o r y of chemotherapy, we 
f ind that during the past two decades most of the work has 
been ca r r i ed out on the development of anthelmint ic drugs. 
In 1909 Paul Ehrl ich l a i d down the foundation of the chemo-
therapy of paras i tes and proposed that the i n h i b i t i o n of 
enzymes that were c ruc i a l t o the paras i t es but not t o the 
host , might be the bas i s o f a ra t i ona l approach t o the 
cheafiotherapy of the pa ras i t e s . Since then, many chemicals 
have been screened f o r t h e i r chemotherapeutic e f f e c t and the 
work has been reviewed by many workers (Bando, 1951; Mansour, 
1957; Norton and Beer, 1957; T ine r , 1958; Guilhon, 1968; 
Boray, 1969; N a t o f f , 1969; Boray, 1970; Standen, 1970; 
Coles e t a l _ . , 1974; Oakley, 1978; Pr i chard , 1978a; Armour, 
1983). 
Today numerous anthelmintic drugs are ava i l ab l e which 
are e f f e c t i v e against helminth pa ras i t e s , but t h e i r s ide 
e f f e c t s t o the host could not be ruled out. The biochemical 
mode of act ion of such anthelmint ics have a lso been worked 
out and reviewed e x t ens i v e l y by many workers (Saz and Bueding, 
1966; Annabaeva ^ , 1975; Sheth, 1975; Van den Bossche, 
1976; Co les , 1977; Pouplard, 1977; Hew, 1978; S t r i e b e l , 1978; 
Behm and Bryant, 1979; Van den Bossche, 1980; Gut ter idge , 
1982; Rathaur a l . , 1982; Sood and Kaur, 1982; Rew et , 
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1983). Among the var ious groups of compounds tha t have been 
tes ted so f a r ; the benzimidazoles , s a l i c y l a n i l i d e s and organo-
phosphorus compounds are found t o be qui te e f f e c t i v e against 
helminth paras i t es . 
In the present t h e s i s , f our anthelmint ics were se lected 
in order t o work out t h e i r mode o f act ions at the molecular 
l e v e l , namely, mebendazole and fenbendazole from the benzimi-
dazo l e group, oxyc lozan ide represent ing the s a l i c y l a n i l i d e 
group and me t r i f ona t e from the organophosphorus group. The 
chemical s t ructures and the s o l u b i l i t y of these compounds 
are shown in the Figure 2, 
Benzimidazole compounds; 
The benzimidazoles were introduced as a group of sa fe 
and e f f e c t i v e broad spectrum anthelmint ics with the d i scove ry 
of th iabendazole by the Merck groups in 1961, Smith K l ine and 
French introduced parbendazole i n 1967, and s ince then the 
in t e rna t i ona l pharmaceutical industry have brought a number of 
benzimidazole compounds l i k e cambendazole, mebendazole, ox iben-
dazo l e , thiophanate, fenbendazole , a lbendazole and ox fendazo le 
onto the market. 
Mebendazole; Mebendazole (Methyl -5-benzoy l benz imidazo le -2-
carbamate) was introduced as a new potent anthelmintic compound 
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by Jaissen Pharmaceutic a in 1971 in the form of product No. 
R17635. In v i v o e f f i c a c y and therapeut ic ac t ion of mebendazole 
against a number of helminths was reported by Chaia and Cunha 
(1971) , BBjgmans et (1971) and Baner jee et (1971) 
Van den Bossche (1972) reported f o r the f i r s t t ime the 
biochemical e f f e c t s of mebendazole on a number of nematodes 
and cestodes both in v i v o as we l l as in v i t r o s tud ies . S ince 
then a number of biochemical e f f e c t s o f t h i s drug have been 
reported in nematodes and ces todes , which are concerned mainly 
with the i n h i b i t i o n of g lucose uptake and/or t ranspor t ; 
d ep l e t i on in endogenous glycogen content ; i n h i b i t i o n of m i to -
chondrial phosphorylat ion, ATP synthes is and turnover of 
adenine nuc l eo t ides ; i n h i b i t i o n of c o l c h i c i n e binding t o the 
p a r t i a l l y pu r i f i e d tubul in in a compet i t i v e manner (Van den 
Bossche, 1976, 1978, 1980; Van den Bossche and de N o l l i n , 1973; 
de N o l l i n and Van den Bossche, 1973; Bryant et , 1976; 
Cornish and Bryant, 1976; Simpkin and Coles , 1976; Coles and 
M c N e i l l i e , 1977; Rahman ^ , 1977; Rahman and Bryant, 1977; 
Kammerer and M i l l e r , 1981; Kohler and Bachman, 1980, 1981; 
Ahmad, 1981; Ahmad £ t a l . , 1984a). Biochemical changes caused 
by mebendazole in helminth paras i t e s have a lso been i n v e s t i -
gated h is tochemica l l y in order t o support the biochemical 
s tudies . The u l t r as t ruc tu ra l s tudies a lso revea led that t h i s 
drug i n t e r a c t s w i th the tubul in of the teguments and absorpt ive 
sur faces of the helminths, r e su l t ing i n t o the disappearance of 
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cytoplasmic microtubules (Thienpont et _al., 1973; de N o l l i n and 
van den Bossche, 1973; de N o l l i n e t al_., 1974; Borgers and 
de N o l l i n , 1975; Borgers et , 1975; Lumsden, 1975; Verheyen 
et , 1976; Van den Bossche, 1979; Comely, 1980; L a c l e t t e 
e t _aK , 1981). In v i t r o t r i a l s o f mebendazole have a lso shown 
i n h i b i t o r y act ions in the egg development, increase in the 
ra te o f egg poutput, i n h i b i t i o n of the i n t e s t i n a l s ec r e t i on 
and also i n h i b i t i o n o f AChE sec re t i on in helminths (Baner j e e 
, 1971; Banerjee and Prakash, 1972; Atkinson et a l . . 
1980; Watts e t ^ . , 1982; Ahmad ^ , 1984b). Many f i e l d 
t r i a l s and ^ v i vo experiments revea l that mebendazole has a 
broad spectrum e f f e c t against helminth paras i t es in both 
domestic and wild animals ( K e l l y ^ » 1975; Fernando and 
Denham, 1976; S u j a t h a e t ^ . , 1976; Ambu et , 1982; 
Bhopale e t a l . , 1982). 
Fenbend azo l e ; 
Fenbendazole (me thy l - ( 5 - ( phenyl - th io ) -benz imidazo le- -2-
cait»amate) ) a h igh ly potent anthe lmint ic , was synthesized in 
the research l a b o r a t o r i e s of Hoechst AG, in 1971. Duwel (1976) 
and Tiefenbach (1976) summarized the r esu l t s obtained upto 1975 
on the t r i a l s of fenbendazole i n a wide range of animal species, 
E f f i c a c y of fenbendazole against helminths of p i g s , horses , 
camels and o ther f i e l d and l abo ra to ry animals have been 
reported by many workers Fernando and Denham (1976 ) , Sujatha 
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et (1976) , Benz and Ernst (1978) , Bezubik ^ a l . (1978) , 
Coxba et (1979 a ,b ) , Dubey ^ (1979) and Uppal ^ 
( 1981 ) . 
Dvjwel (1976) reported the mode of act ion of fenbendazole 
causing d i so rde rs in g lucose absorpt ion, i n h i b i t i o n of i n co r -
pora t ion of g lucose in to g lycogen and also the breakdown of 
g lycogen, increased funct ion in excre to ry canals and nervous 
system showed by h is torad iography, d i s o r d e r o f energy meta-
bol ism and neurotoxic e f f e c t s in Ascar i s suum. McCraken and 
Tay l o r (1978) also reported such biochemical e f f e c t s of 
f ebendazo le on Hymenolepis diminuta. Ov i c ida l and l a r v i c i d a l 
a c t i v i t y have also been reported f o r fenbendazole in var ious 
helminths. Coles and M c N e i l l i e (1977) found in v i t r o o v i c i d a l 
act ion on eggs of Nematodiius spath iqer . Duwel (1979 ) , 
designed ^ v i t r o experiments t o demonstrate an o v i c i d a l and 
l a r v i c i d a l e f f e c t of fenbendazole on var ious t r i c h o s t r o n g y l e s 
of sheep and c a t t l e , and not iced 99% reduction in the i n f e c t i v i t y 
of these nematode eggs. He ( l o c . c i t , ) a lso reported that high 
dose o f fenbendazole produce o v i c i d a l e f f e c t against Fasc io la 
hepat ica in sheep. The drug also a f f e c t s the eggs w i th in the 
f l u k e s as we l l as eggs . in the sheep 's g a l l b ladder . 
S a l i c v l a n i l i d e s . 
Among the s a l i c y l a n i l i d e s , "Diaphene" and "Hi lomid" were 
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poss ib ly the f i r s t compound used as f l u k i c i d e s ( L i e n e r t , 1963; 
Boray et , 1965). Sal i c y l ani l i des and subst i tuted phenols 
show v a r i a b l e a c t i v i t y against helminths, but are usual ly most 
a c t i v e against blood-sucking worms (Stampa and Tertolanche, 1961; 
Horak, 1962, 1964; Boray, 1969; S i n c l a i r and Pr i chard , 1975). 
These compounds g ene ra l l y bind wi th the plasma pro te ins and 
cause metabol ic d i s o r d e r i n the pa ras i t e s , Lee (1973) reported 
tha t f a s c i o l i c i d a l a c t i v i t y of s a l i c y l a n i l i d e s i n sheep was 
dependent on the extent t o which they p e r s i s t in the plasma. 
S a l i c y l an i l i d e s and subst i tuted phenols are a lso potent 
uncouplers of o x i d a t i v e phosphorylat ion (Wi l l iamson and Me t ca l f , 
1967). Scheibel e t (1968) demonstrated i n v i t r o uncoupling 
of o x i d a t i v e phosphorylat ion in tapeworms due t o nic losamide, 
Corbett and Goose (1971 ) , Van den Bossche (1972) and Cornish 
and Bryant (1976) reported that oxyc lozan ide , n i t r o x y n i l , 
n i t rose anate and ra foxanide uncouple o x i d a t i v e phosphorylat ion 
hepat ica and lumbrico ides i n v i t r o . Further Cornish 
et aU (1977) and Pr ichard (1978b) suggested ev idence of 
uncoupling during Jji v i v o t r i a l s . 
Oxyclozanide. 
Oxyclozanide i s one of the most potent s a l i c y l ani l id e 
compound ac t i v e against trematodes and cestodes . The a c t i v i t y 
of oxyc lozanide was reported in U.K. in 1966 (Broome and Jones, 
1966). They found tha t oxyc lozanide i s absorbed and binds t o 
plasma pro te in . 
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Numerous success fu l f i e l d t r i a l s have been reported 
f o r the e f f i c a c y of t h i s drug against F. hepatic a. H. diminuta. 
H. microstoma. S t i l e s i a hepat ic a and fevj amphistomes (Broome 
and Jones, 1966; Wal l ey , 1966; Harrow, 1969; Foreyt and Todd, 
1973; Hopkins et , 1973; Coiba et , 1976; Georg iev and 
Gruev, 1979), Some in v i t r o s tudies have also been accomplished 
on the biochemical and metabol ic e f f e c t s , r esu l t ing i n t o the 
i n h i b i t i o n of malate dehydrogenase of F. hepat ic a. F. q i qant i ca . 
Fasc io l ops i s buski and Paramphistomum explanatum (Lwin and 
P rober t , 1975; Coles ^ al_., 1980 and Prober t , 1981) 
and uncoupling o f o x i d a t i v e phosphorylat ion (Co rbe t t and Goose, 
1971). Further, Edwards et (1981) also reported e f f e c t of 
oxyc lozanide on the metabolism of F. hepat i ca , 
Qrqanophosphorus compounds; 
Organophosphates have been used ex t ens i v e l y as insec -
t i c i d e s since l a t e 1930 's . The organophosphates napthalophos, 
t r i ch lo rphon , haloxon, d i ch l o r vos and me t r i f ona t e are wide ly 
used as anthelmint ics in the con t ro l o f helminths o f both 
c l i n i c a l and v e t e r ina ry importance. The i r mode o f act ion i s 
p r imar i l y a t t r ibuted t o the i n h i b i t i o n o f many enzymes inc luding 
ace t y l cho l ines t e rase , which i s usual ly r e v e r s i b l e ( P r i cha rd , 
1978 a ) . 
Me t r i f ona t e . ( o , o - d i m e t h y l - 2 , 2 , 2 - t r i c h l o r o - l - h y d r o x y e t h y l 
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phosphonate) i s a water so lub le organophosphorus compound. I t 
i s very unstable in aqueous so lu t i ons and ge t s converted i n t o 
d i ch l o r vos (0 ,0 -d imethy l - .2 -2 -d ich lo rov iny l phosphate) (DDVP) 
as reported by Holmstedt ^ a l . (.1978) and Reiner e t ( 1978 ) . 
The biodegradat ion of DDVP i s we l l establ ished (Wright et a l . , 
1979). The rearrangement of me t r i f ona t e t o DDVP occurs both 
in v i t r o (Bar the l et , 1955; Lorenz et , 1955) and ^ v i v o 
(Nordgren ^ a l . , 1980). Me t r i f ona t e was introduced as a drug 
in the treatment o f schistosomias is in I960 (Lebrun and Cer f , 
1960). I n h i b i t i o n of a c e t y l cho l i n e s t e r a s e (AChE) by me t r i -
f ona te in Metastronqylus ap r i . Paramphistomum microbothrium, 
suum, Neoascar is vitulorum and schistosomes, have been 
reported by Bueding £t (1972) , Reiner et (1978 and 
1979). However, Reiner a l . (1978) suggested tha t ac tua l l y 
DDVP and not met r i f ona te i s the po t en t i a l i n h i b i t o r of AChE and 
the rate o f conversion from met r i f ona t e t o DDVP can be ca lcu la ted 
from the t ime course o f enzyme i n h i b i t i o n , Me t r i f ona t e induces 
AChE i n h i b i t i o n in Schistosoma haematobium and S, mansoni adults 
during ^ y i t r o studies (Denham and Holdsworth, 1971), The 
mode of act ion o f me t r i f ona t e in S, mansoni was a lso reported 
by Bloom (1981) . He ( l o c . c i t , ) reported a reduction of 20% of 
AChE a c t i v i t y from the con t ro l va lues and movement of S.mansoni 
from t h e i r s i t e s in the mesenteric plexus t o the l i v e r , the 
c l a s s i c "hepat ic s h i f t " , Semeyn e t (1982) reported f o r a 
decreased e l e c t r i c a l a c t i v i t y from the sur face of S, mansoni 
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due t o me t r i f ona te . In the presence of t h i s drug, the 
motor a c t i v i t y o f adult S. japonic urn has been recorded by 
Terada ^ a l . (1982) and during in v i t r o studies a f l a c c i d 
para l ys i s in S. mansoni has also been reported ( M e l l i n e t a l , , 
1983). Me t r i f ona t e has also been t r i e d f o r the treatment of 
onchocerc ias is (Awadzi and G i l l e s , 1980). 
The forego ing review o f the l i t e r a t u r e , i n d i c a t e s that 
a l l the above mentioned compounds show anthelmintic a c t i v i t y 
in one way o r the o ther . D i f f e r e n t parameters have been used 
by the var ious i n v e s t i g a t o r s f o r the assessment of t h e i r 
e f f i c a c y . I t i s ev ident from the rev iew, that most of these 
s tud ies are the resu l t s of the oji v i v o t r i a l s . Only few 
repor ts are ava i l ab l e on the biochemical e f f e c t s , u l t r a s t r u c -
tu ra l damages o r e l e c t r o p h y s i o l o g i c a l changes on the sur face 
of the pa ras i t e s . Such in v i t r o s tudies provide a d e t a i l e d 
in format ion about the mode of act ion of a p a r t i c u l a r drug 
which u l t imate l y forms the basis of in v i v o t r i a l s . However, 
such in v i t r o s tudies i n v o l v e heavy expenses and requ i re much 
soph is t i ca ted exper t i s e f o r the screening of a s i n g l e compound. 
The re f o r e , there i s an obvious need t o design experiments which 
are inexpens ive , t ime saving and r e l i a b l e in order t o deve lop 
the standard parameters f o r assessing the mode of act ion and 
e f f i c a c y of a pa r t i cu l a r compound i n j j } v i t r o cond i t i ons . 
The eas i es t approach t o i n v e s t i g a t e the anthelmintic 
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e f f i c a c y of a compound against helminth paras i t es i s to 
examine the in v i t r o surv i va l o f the worms i n presence of the 
compound. Baldwin (1943) devised an in v i t r o method t o study 
the surv iva l of helminths i n presence o f a drug. Since then, 
a number of s tudies have been ca r r i ed out using t h i s parameter 
t o determine the e f f i c a c y of a par t i cu l ar drug. Visual 
observat ions f o r the m o t i l i t y and surv i va l of Fasc i o l a sp, 
and Schistosoma sp. in presence o f var ious compounds has been 
tes ted by Tomosky e t (1974 ) , Coles (1975) , Abrahams ^ 
(1976) and Henry et a l . (1976 ) . Recent ly a number o f drugs 
l i k e avermectin B , praz iquante l and niclosamide were a lso l a 
t e s t e d in many helminth paras i t e s f o r t h e i r m o t i l i t y and 
surv i va l by v isual observat ions (Sano £t , 1981 a,b, 1982; 
Terada et , 1982; Gupta and Ka t i ya r , 1983). Further, 
P rober t (1981) studied v i s u a l l y the m o r t a l i t y in 
in v i t r o cond i t i ons i n presence of 5 f l u k i c i d e s inc lud ing 
oxyc lozan ide in three trematodes o f v e t e r ina ry importance 
namely jF. g ig antic a. Fasc i o l ops i s buski and Paramphistomum 
explanatum. Another drug d iamfenet ide also caused para l ys i s to 
hepatic.a as observed v i s u a l l y by Rew et _al. (1983) . Oxyclo-
zanide i s the only drug which has been tes ted f o r amphistomes, 
wh i l e o ther drugs understudy, have been remained complete ly 
negl ected. 
Further, the jjn v i t r o m o t i l i t y of helminths have a lso 
been recorded mechanical ly , in o rder t o f ind out the e f f e c t of 
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drugs on t h e i r m o t i l i t y q u a l i t a t i v e l y as we l l as q u a n t i t a t i v e l y . 
One o f such in v i t r o recording was made g raph i ca l l y on a kymo-
graph on the worm Macracanthorhvncus birudinaceus (Rebe l l o and 
Rico, 1926), The f i r s t a va i l ab l e report on the kymographic 
recording of the m o t i l i t y o f F. hepatic a in presence of drugs, 
was reported by Chance and Mansour (1949, 1953), Mansour (1957) , 
Some more s e n s i t i v e methods, f o r small worms l i k e schistosomes, 
were also deviced f o r m o t i l i t y record ing , l i k e u l t rason i c 
methods (Brown et , 1973, 1978), pho toe l e c t r i c dev i c e 
(Hi l lman and Sen f t , 1973; Senf t and Hillman, 1973; Jewsbury 
^ , 1977; Hillman, 1979), o r using suction e l e c t r odes 
( F e t t e r e r et a l . , 1977, 1978, 1980; Pax et , 1978; F e t t e r e r 
, 1981). In add i t ion t o these methods, var ious types of 
transducers l i k e i s o t on i c and i sometr i c transducers were also 
used f o r recording the m o t i l i t y of the helminth paras i t e s 
(aano et a l . , 1981, 1982; T e r a d a ^ ^ . , 1982; Fairweather 
^ a l . , 1983, 1984) bes ides the schistosomes. Recent ly , Rew 
e t (1983) used a conventional organ bath system t o record 
the m o t i l i t y of F, hepat ic a. and also reported the e f f e c t of 
d iamfenet ide on i t ' s m o t i l i t y . He ( l o c . c i t . ) observed that 
the drug diamfenetide caused para lys i s t o the worms which was 
i r r e v e r s i b l e and dose dependent, i n vo l v ing an increase in 
muscular tens ion and decrease in cont rac t i on amplitude. These 
methods provide a good opportunity t o record the contrac t ion 
and re laxa t i on of the woims exposed t o d i f f e r e n t anthelmintic 
drugs. 
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A number of drugs are known today, which a f f e c t the 
m o t i l i t y of the worms. Such m o t i l i t y recordings under 
in v i t r o cond i t ions , seem to be an e f f e c t i v e , quick and 
economic method f o r screening a l a r g e number of drugs, whether 
o r not t h e i r mode o f act ions are re la ted to the sur face act ion 
po t en t i a l o r m o t i l i t y of the worms. 
I t i s we l l known that the paramphistomes have a w e l l 
developed p o s t e r i o r sucker o r acetabulum, which acts as a 
powerful organ of attachment. Anthelmint ics which cause 
pa ra l ys i s o r a f f e c t the m o t i l i t y o f the worms by d is turb ing 
t h e i r neuromuscular systems, should also be capable of detach-
ing the worms from t h e i r host t i s sues by a f f e c t i n g t h e i r 
ho ld f a s t organs. Rahman ^ (1977) t r e a t e d i n f e c t e d sheep 
with mebendazole and reported that the number of Haemonchus 
contor tus . Moniezia expansa and F. hepat ica which detached 
from gas t r i c and i n t e s t i n a l mucosa o r b i l e duct wa l l s 
r e s p e c t i v e l y , increased with time from treatment . Chevis 
(1980) reported f o r a rapid detachment of M, expansa w i th in 
s ix hours a f t e r t reatment , whi l e Haemonchus contortus required 
a l onge r i n t e r v a l from treatment (18 hours) and F. hepat ica 
took even l onge r period of t ime, i . e . , 30 hours a f t e r treatment 
in which only 29,0% worms were f r e e . 
The t ime taken by two anthe lmint ics , l e vamiso l e and 
fenbendazole , d i f f e r e d by a few hours, t o detach H. contortus 
from abomasal mucosa ( B r i s c o e and Co les , 1980), where l e v a -
miso le achieved 95% detachment in about one hour. I n c i d e n t l y , 
no l i t e r a t u r e i s a v a i l a b l e on the detachment of amphistomes, 
i n v i v o i n v i t r o , from t h e i r h o s t ' s t i s s u e , in presence of 
anthelmint ics . 
In recent years , the e l e c t r on microscope has also been 
used as a powerful t o o l to study the actual s i t e of the drug 
act ion in the paras i t es u l t r a s t x u c t u r a l l y and the topographica l 
damages caused to the worms by the anthelmint ic drugs. The 
sur face topography of the amphistomes has been studied only 
i n a few species l i k e B i l a torch is p a p i l l o q e n i t a l i s , Qrthocoelium 
indonesiense. Cotylophoron okapi, G. conqolense (Eduardo, 1980 
a , b , c ) and Gastrothylax crumeni fer , Paramphistomum ep ic l i tum. 
Calicophoron papillosum and C. calicophorum (Tandon and Maitra, 
1981 and 1982), and they reported f o r the occurrence of r idges 
and p a p i l l a e with and without p i t s o ve r t h e i r genera l body 
sur faces and also discussed the funct iona l r o l e s of these 
s t ructures with t h e i r mod i f i c a t i ons . Erasmus (1970) pointed out 
through scanning e lec t ron.microscopy (SEM) the phys i o l o g i ca l 
importance of the tegumental sur face o f d i g ene t i c trematodes in 
the hos t -paras i t e r e l a t i o n s h i p , but no r e f e r ence i s a va i l ab l e 
on the e f f e c t s o f anthelmint ics on the topographica l damages 
produced in the amphistomes. However, e f f e c t of anthelmint ics 
on the sur face topography of o the r d i g ene t i c trematodes, 
cestodes and nematodes have been reported by var ious workers. 
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Among the trematodes, e f f e c t of praz iquante l on S. mansoni. 
D, dendriticum and F, hepat ica (Becker e t al^., 1980), e f f e c t 
of oxamnlquine on S. mansoni (Kohn e t a l . . 1982; Br i cke r et a l . , 
1983), e f f e c t of praz iquante l on human trematodes Clonorchis 
s inens is . Metaqonimus yokoqawai. Qpis thorchis v i v e r r i n i . 
Paraqonimus westermani and S. j aponicum (Mehlhom et , 1983) 
were studied and a l l trematodes exposed t o the drugs showed 
tegumental a l t e r a t i o n s , Rew ^ (1983) scanned the e f f e c t 
of d iamfenet ide in v i t r o on F. hepat i ca and reported f o r wide 
curled body shape and ves icu la ted vent ra l sur face . Among the 
ces todes . Taenia t a en iae f o im i s was scanned a f t e r t r e a t i n g the 
mice wi th mebendazole, sur face a l t e r a t i o n s with l e s i o n s were 
reported by Verheyen et aK (1978 ) . Adul t Echinococcus 
granulosus t r ea ted with praz iquante l in v i t r o showed high 
deformat ions in the body sur faces and shape (Conder et a l . , 
1981). Prober t ^ (1982) reported topographica l damages 
in M. expansa t r ea t ed with ox fendazo le and praz iquante l i_n v i t r o . 
Such topographica l studies r e l a t ed with the e f f e c t o f anthe l -
mint ics on helminths, e s p e c i a l l y on amphistomes, requ i re 
a t t en t i on so as t o assess the mode o f ac t ion of the anthelmint ics 
with the damages produced on the woims sur face which foims an 
important phys i o l og i ca l i n t e r f a c e in hos t -pa ras i t e r e l a t i o n s h i p . 
The u l t r as t ruc tu ra l s tudies on helminths, have revealed 
that the tegument i s me tabo l i c a l l y a c t i v e and plays an important 
ro l e in transmembrane s is of sugars, amino-acids and o the r 
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substances (Lumsden, 1975; Erasmus, 1977; Halton, 1982; Smyth 
and Halton, 1983; Threadgold, 1984). The use of r ad i o l abe l l ed 
substances in the b i o l o g i c a l and phys i o l o g i ca l s tudies of 
helminths, have prxDvided a conc lus ive ev idence tha t most of the 
he lminth 's tegument play a v i t a l r o l e in uptake mechanisms. 
Further, by the use of t h i s technique, i t i s a lso poss ib l e t o 
suggest the actual path of uptake, s i t e o f incorpora t i on and 
synthesis of g lycogen and p ro t e in e t c , from the l a b e l l e d 
nutr i ents in paras i t es (Hanna, 1975, 1976, 1980; Specian and 
Lumsden, 1981), 
The anthelmint ics which are known t o i n h i b i t the uptake 
processes i n helminths (Van den Bossche, 1976; 1980) have not 
been tes ted ye t t o ascer ta in t h e i r i n h i b i t o r y act ion by using 
rad i o l abe l l ed nut r i en ts . However, Pappas (1971) , used the 
standard i n h i b i t o r s d in i t ropheny l phosphate (DNP) and i odo -
acetate t o demonstrate the i n h i b i t i o n of t r i t i a t e d arg in ine 
uptake in Haematolechus medioplexus. in v i t r o . Such s tud ies , 
play an important r o l e t o assess the mode of ac t ion of drugs 
which i n h i b i t uptake processes of the helminths. 
von Brand (1973) suggested that most drugs i n t e r f e r e 
with the enzyme systems by i n h i b i t i n g them and thus i n t e r f e r e 
with the metabol ic processes. Such s tud ies could be of 
immense value in knowing the e f f e c t o f anthelmint ic drugs at 
the enzyme l e v e l and t h e i r mode of act ions at molecular l e v e l 
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in the helminth paras i t e s . I t i s now an es tab l i shed f a c t that 
carbohydrates play a major r o l e in the energy metabolism of 
the helminths, which requi re a continuous supply of energy 
(ATP) t o mot ivate the complex metabol ic processes, e s sen t i a l 
f o r t h e i r noimal growth and deve lopnent . Hence, i t i s the 
carbohydrate metabolism that has been more i n t e n s i v e l y studied 
in the helminths. Various enzymes of th i s metabol ic pathway 
have been i d e n t i f i e d and reported in a number of helminths by 
h is tochanica l as we l l as biochemical techniques ( f o r r e f . see 
Smyth, 1966, 1969; von Brand, 1973, 1979; Ba r r e t t , 1980; Waixj, 
1982; Smyth and Hal ton, 1983; Lloyd and B a r r e t t , 1983). 
Studying the e f f e c t of anthelmint ics on the l e v e l of these 
enzymes both h is tochemica l l y as w e l l as b iochemica l l y , can 
reveal the actual s i t e , degree and mode of the drug ac t i on 
in helminths. However, such chemotherapeutical s tud ies have 
mostly been car r i ed out on the nematodes, wh i l e cestodes and 
trematodes have remained somewhat neg lec ted (Van den Bossche, 
1976). ^ v i t r o i n h i b i t i o n o f acid and a l ka l i n e phosphatases, 
adenosine tr iphosphatase, g lucose-6-phosphatase and 5 'nuc l eo -
t i dase was reported due t o mebendazole i n A v i t e l l i n a lahorea 
Cotuqnia diqonopora and Ascar id ia q a l l i (Ahmad, 1981; Ahmad 
et a l . , 1984'a), Mebendazole has no e f f e c t on the hexokinase 
a c t i v i t y of the helminths, whi l e the enzymes phosphorylase and 
phosphoglucomutase are a f f e c t e d by t h i s drug, which u l t ima te l y 
causes the d ep l e t i on in glycogen content and i n h i b i t s g lucose 
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uptake ( Van den Bossche, 1972; Ahmad, 1981). Another drug 
oxyc lozan ide , understudy, as pointed out e a r l i e r , s p e c i f i c a l l y 
i n h i b i t s malate dehydrogenase (MDH) which i s one of the key 
enzymes of carbohydrate metabolism. The i n h i b i t i o n of t h i s 
enzyme r e su l t s i n t o the blocking of the energy production in 
helminths ( von Brand, 1973; 1979; Durrani et a l . , 1983; Smyth 
and Halton, 1983). 
Me t r i f ona t e in helminth paras i t e s i s known to i n h i b i t 
t h e i r AChE. However, AChE has been reported from a number of 
helminth paras i t es (von Brand, 1973, 1979; Durrani et , 1983; 
Smyth and Halton, 1983). I t has a lso been reported that AChE 
i s secreted by the helminths i j i v i t r o and i t s phys i o l o g i ca l 
s i g n i f i c a n c e ^n v i v o , has also been discussed by Schwabe e t a l . , 
(1961) , Barker et a l . , (1966) , Sanderson (1972) , Nizami e t a l . . 
(1977) , Watts ^ a l . (1982) , Gunn and Prober t (1983) . E f f e c t 
of var ious i n h i b i t o r s on AChE o f helminths have been reported 
by a number of workers (Bueding e t , 1972; Prober t and 
Durrani, 1977; Gunn and Prober t , 1981; Mart in, 1981; Rapson 
1981; Shaipe and Lee , 1981; Watts ^ , 1982; Durrani 
, 1982 and 1983). 
I t i s evident from the f o r ego ing review of the l i t e r a t u r e 
tha t , the mode of act ion o f var ious anthelmintic have been 
studied by a number of workers, but no g ene ra l i z a t i ons can be 
made on the bas is of the present status of our knowledge, 
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because i t i s o f t en stated that a p a r t i c u l a r drug may have 
mu l t i p l e modes o f ac t i on . A lso the same anthelmintic may 
behave d i f f e r e n t l y in the taxonomical ly d i f f e r e n t group of 
pa ras i t e s , thus pointing the necess i ty of studying each 
member separate ly f o r d i scover ing the mode of act ions of 
var ious anthelmint ics and the p o s s i b i l i t y of t h e i r broad-
spectrum e f f i c a c y . 
During the course of t h i s study i t was proposed t o 
i n v e s t i g a t e the e f f e c t of mebendazole, fenbendazole , m e t r i -
fonate and oxyc lozanide on the var ious metabol ic a c t i v i t i e s 
of G. explanatum and S. q lob ipunctata belonging t o two 
d i f f e r e n t taxonomic groups, inhab i t ing two d i f f e r e n t hosts 
and hab i t a t s . 
I t i s hoped that whatever l i t t l e work has been 
accomplished by the present i n v e s t i g a t o r , would s t imula te 
f u r t h e r research work on comparative chemotherapeutic s tudies 
of helminths, in order t o i n v e s t i g a t e the molecular bas i s of 
the drug ac t i on . 
C H A P T E R - I I I 
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MATERIALS AND METHODS 
( A ) P a r a s i t e c o l l e c t i o n . 
i ) TREMATODE : G iqantoco ty l e expianatum 
Mature ac t i v e woirns were c o l l e c t e d from the i n f e c t ed 
b i l e ducts o f the common Indian water b u f f a l o Bubalus bubal is 
s laughtered at the l o c a l aba t t o i r , 
i i ) CESTODE : S t i l e s i a q l o b i punctata 
The worms were c o l l e c t e d from the i n t e s t i n e s of sheep 
and goats slaughtered at the l o c a l a b a t t o i r in a thermos f l a sk 
alongwith the i n t e s t i n a l contents . 
The woiins were brought t o the l abora to ry exped i t i ous l y 
and t rans fe r red to the Hank's balanced sa l t so lu t i on (HBSS) 
premaintained at 37 + 1°C, The worms were i s o l a t e d qu ick ly 
but gent ly and washed in th r e e changes of HBSS and t h e r a f t e r 
maintained in the same medium at 37 + t i l l the commencement 
o f any experiment. For a l l experiments the worms were c o l l e c t e d 
and prepared s im i l a r l y as mentioned above, un t i l and unless 
s p e c i f i e d o therwise . 
Throughout the present s tud ies , HBSS without g lucose i s 
r e f e r r e d t o as medium A. Whi le medium A conta in ing g lucose i s 
r e f e r r ed to as medium B, A l l in v i t r o s tudies were ca r r i ed out 
at 37 + 1°C under aerobic cond i t i ons . 
34 
(B ) Preparat ion o f anthelmintic so lut ions f o r d i f f e r e n t s tud ies , 
i ) Mebendazole (Suppl ied by the courtsey of Dr. H. Van den 
Bossche, Janssen Pharmaceutica, Belgium and Dr , (Mrs ) U.K. Shaima, 
Ethnor L imited, Bombay), 
Mebendazole was d isso lved in dimethyl su l f ox ide (DMSO) 
since i t i s inso lub l e in water and a lso because i t i s a sa fe drug 
so lvent f o r benzimidazole compounds f o r in v i t r o s tudies 
(Ahmad 8. Nizami, 1983). Final concentrat ion of DMSO was 0 .1^. 
A contro l was also run simultaneously in each study containing 
0 ,1^ DMSO, 
i i ) Fenbendazole (Suppl ied by the courtsey of Dr. D, Duwel, 
Hoechst, West Geimany). 
Fenbendazole i s a lso a water i n so lub l e benzimidazole 
compound. I t was also d i sso l ved in DMSO s i m i l a r l y as mentioned 
f o r mebendazole. Contro ls were also run smmultaneously conta in-
ing 0.1% DMSO, 
i i i ) Oxyclozanide (Suppl ied by the courtsey o f Dr, Van den 
Broek, Imperial Chemical Indus t r i e s L imi ted , England) , 
Oxyclozanide i s ethanol so lub le and each concentrat ion 
o f t h i s drug was d i sso l ved in ethanol ( f i n a l concentrat ion 3%), 
Controls conta in ing 3% ethanol were also run simultaneously in 
each experiment. 
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i v ) Me t r i f ona t e (Suppl ied by the courtsey of Dr. H. Thomas, 
Bayer AG, Germany), 
Met r i f ona te i s a water so lub le org a no phosphorus compound. 
Since t h i s drug i s very unstable i n queous cond i t i on ( s ee 
In t roduct ion of t h i s t h e s i s ) , t h e r e f o r e , i n each experiment 
always f resh so lut ion of me t r i f ona te was prepared. The drug 
was d i sso l ved e i t h e r i n double d i s t i l l e d water o r in HBSS. The 
contro l was also run simultaneously in each study. 
The var ious concentrat ions of a l l the above mentioned 
anthelmint ics used in the present study, are ind icated in the 
ind i v idua l experiments, 
(G ) XQ. v i t r o surv i va l of woims in presence of anthe lmint ics . 
A c t i v e and mature G, ex pi anatum were incubated i_n v i t r o 
in HBSS medium B containing 10 mM g lucose , at 37 + i °C . In order 
to f ind the most e f f e c t i v e concentrat ion of the drugs f o r 
in v i t r o s tudies , a l l the anthelmint ics were used i n the 
f o l l ow ing range o f concentra t ions : 
Mebendazole = lO"® to IQ-^M 
O -3 
Fenbendazole = 10" to lO"" M 
—8 3 Oxyclozanide = 10" t o lO" M 
8 3 Me t r i f ona t e = 10" t o lO" M 
The surv iva l t ime and any o ther e f f e c t on the m o t i l i t y 
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of the worms were noted in each concentrat ions of the drugs 
and compared with the r e spec t i v e c o n t r o l s . Pa ra l ys i s was 
assumed t o have taken place when a l l s igns of movement had 
ceased. The paralysed worms were washed in three changes of 
medium B and maintained in the same at 37 + f o r another 
hour. I f the a c t i v i t y was not r ev i ved , the worms were assumed 
as dead. For each concentrat ion of drugs, nine r e p l i c a t e s 
with twenty f i v e woims in each were used. 
(D) E f f e c t of anthelmint ics on the detachment of the worms from 
t h e i r host t i s s u e . 
Some experiments were designed t o observe the e f f e c t of 
anthelmint ics on the detachment of G. expl anatum from i t ' s 
h o s t ' s t i s s u e ( l i v e r or b i l e duc t s ) . For t h i s study only 
mature a c t i v e worms f i rm l y attached t o t h e i r h o s t ' s t i s s u e were 
used. The in f e c t ed t i s sue was s l i c ed i n such a way that each 
p iece had 15 t o 40 f i rm l y attached worms. Each such p ieces 
measuring approximately 40 to 50 sq.cm i n area were incubated 
separate ly at 37 + 1°C in medium B containing ind i v idua l 
anthelmint ics in the f o l l ow ing concent ra t ion : 
Mebendazole = 3.3 x 10""^M 
—5 
Fenbendazole = 10 m 
Oxyclozanide = IO^^m 
Metr i f ona te = 19.4 x 10" "\ 
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Time taken f o r complete detachment of the worms from 
the h o s t ' s t i s sue was noted and compared with the c o n t r o l s . 
Nine r e p l i c a t e s from d i f f e r e n t hosts were taken i n t o account 
f o r each anthelmint ic . 
Photographs were also t'aken wi th a Cannon-AEl camera 
mounted with a Kiron Z,oom Lens using 35 mm Kodak co lo red f i l m 
of 50 ASA. 
( E ) Kymoqraphic recordings of the m o t i l i t y of the worms. 
E f f e c t of anthelmint ics on the m o t i l i t y of G. explanatum 
were a lso recorded kymographical ly . A l l record ings were made 
w i th in an hour a f t e r . t h e s laughter of the animal. 
The apparatus used t o record the amphistome m o t i l i t y i s 
i l l u s t r a t e d in F ig , 6. I t c ons i s t s of standard simple smooth 
muscle assembly and two m e t a l l i c rods to hold the w r i t i n g l e v e r 
and the pa ras i t e with the he lp of heart c l i p s . A g l a s s vesse l 
of 40 ml capac i ty i s used as pa ras i t e chamber containing 
medium B. The temperature of the water-bath, and the medium 
B in the paras i t e chamber, was maintained at 37 + 1°C by a 
the rmos ta t i ca l l y c on t r o l l ed hea te r f i x e d in the assembly. An 
L-shaped g lass rod was provided wi th heart c l i p at one end, t o 
which the p o s t e r i o r end ( edge o f acetabulum) of the woim was 
clamped whereas the ora l sucker o f the paras i t e was c a r e f u l l y 
clamped by a heart c l i p which was attached by the wr i t ing l i v e r 
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with the he lp of a thread, so as t o avoid any i n j u r y t o the 
pa ras i t e t i s s u e . The woim was suspended v e r t i c a l l y i n t h e 
paras i t e chamber and allowed t o r e cove r f o r a per iod o f 30 
minutes i n a re laxed cond i t i on , b e f o r e being placed under 
tens ion o f 0 ,4 mg and m o t i l i t y o f the worm was then recorded. 
The movement o f the amphistome was recorded on a graph paper 
mounted on the Kymograph drum. The drum speed was maintained 
at 0.19 mm/sec. F i r s t the normal m o t i l i t y was recorded in the 
noimal medium and then t h i s medium was replaced by the s a l i n e 
conta in ing drugs, which was introduced g e n t l y i n the p a r a s i t e 
chamber, wi thout causing any d i s turbance t o the p a r a s i t e and 
wr i t i n g l e v e r . The e f f e c t o f drugs on the movement of t h e 
f l uke was recorded in te ims o f the amplitude and f requency of 
the muscular con t rac t i on and the muscle t o n e . Fo l lowing drugs 
were used in the concent ra t ion g i ven below, in t h i s study: 
Mebendazole = 3 .3 x iO"^M 
Fenbendazole = 10~^m 
Oxyclozanide = IO ' ^m 
Met r i f ona t e = 19,4 x 10""^m 
( F ) p r epara t i on of ma t e r i a l s f o r Scanning E lec t ron Microscopy , 
Incubat ion of woims; Fresh G, explanatum were washed and 
preincubated in medium A f o r one hour at 37 + 1°C. A f t e r 
pre incubat ion the worms were washed in two changes of medium A 
and then incubated i n medium B conta in ing drugs, f o r 4 h at 
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37 + f b . The f o l l ow ing drugs were used in t h e i r s p e c i f i e d 
concentrat ions : 
Me t r i f ona t e = 19.4 x 10"^M 
_5 
Oxyclozanide = 10 M 
-5 Fenbendazole = 10 m 
Mebendazole = 3.3 x i C ^ M 
A c on t ro l was also run simultaneously without any drug 
in medium B. 
F i xa t i on : A f t e r incubat ion, the worms were washed we l l in 
medium A g i v i n g 5 x 5 min changes b e f o r e being f i x ed in 4% 
aqueous g lutara ldehyde ( pH 7 .2 ) at 4°C ove rn igh t . T h e r e a f t e r 
the worms were washed in cold 0 . 1 M cacodylate b u f f e r 
pH 7.4 (w i thout any sucrose) g i v i n g 3 x 80 min changes and were 
pos t - f i x ed (osmicated ) in 1% osmium t e t r o x i d e in M i l l o n i g ' s 
b u f f e r (pH 7 . 2 ) , f o r 3 h at 4°G and then t rans f e r r ed d i r e c t l y 
to 50^ e thano l . 
Dehydration: The worms were dehydrated in ethanol grades 
from 50^ - 95% f o r 30 min in each grade . The mate r i a l s were 
then dehydrated in absolute a lcohol tw i c e f o r 30 min. in each. 
C r i t i c a l point dry ing ; Specimens were t rans f e r r ed t o 100% 
acetone f o r 1 h in preparat ion f o r c r i t i c a l point dry ing , which 
was car r i ed out using l i q u i d CO^ as the t r a n s i t i o n a l f l u i d . 
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^canninq; The woims were mounted on aluminium stubs using 
dure f i x and coated with gold using the Polaron E5000 sput te r 
coating un i t . Specimens were viewed at d i f f e r e n t r eso lu t i ons 
using I S I Super Z scanning e l e c t r on microscope operat ing at 
12/15 K.V. 
(G) Glucose uptake s tud ies . 
Fresh worms were c o l l e c t e d , washed and dried on Whatman 
f i l t e r paper and known weights were incubated in 40 ml of 
medium B containing 10 mM g lucose and the anthelmint ics in the 
des i red concentra t ions . .Controls were a lso incubated simul-
taneously without any drug. A l l incubations were ca r r i ed out 
at 37 + i ° C f o r 3, 6 and 9 hours. At the end of each incubat ion 
per iod , the worms were r insed in medium A ( two changes) and 
kept f o r g lycogen est imation (descr ibed f u r t h e r ) . The incubates 
were c en t r i fuged at 1000 g f o r 10 min t o remove eggs and d e b r i s . 
The supernatant were used f o r g lucose est imat ion by the 
Perox idase Glucose Oxidase (PGO) enzymatic method (Sigma 
Technical B u l l e t i n No. : 510) . The PGO reagent was prepared by 
d i s s o l v i n g the contents of one PGO capsule ( conta in ing 500 lU 
Glucose ox idase ; 100 purpurogal l in un i t s of Perox idase and 
b u f f e r s a l t s ) in 100 ml of double d i s t i l l e d water . To t h i s 
so lu t ion , 1.6 ml of o - d i a n i s i d i n e in 95?^ ethanol was added 
and s tored at 0 - 5 i n an amber b o t t l e . 
Su i tab l e a l iquots were taken from the supernatant of 
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the incubates and 5 ml of PGO reagent was added and thoroughly 
mixed. The tubes were incubated at 37 + l ° c f o r 30 min and the 
c o l o r developed, was read at 430 nm in an Erma Spectrophotometer 
(model LS-7; Japan), The quanti ty of g lucose present in 40 ml 
of incubate (medium B ) , b e f o r e and a f t e r incubat ion, was 
determined. The d i f f e r e n c e i n O.D. of the cont ro l and expe r i -
mental, gave the quant i ty of g lucose absorbed ( u t i l i z e d ) by 
the worms. The g lucose content was estimated with re f e rence 
t o a prev ious ly ca l i b ra t ed standard curve o f g lucose . 
In v i t r o uptake o f g lucose was studied in G. explanatum 
and S. q lobipunctata in the presence of the f o l l ow ing anthel -
mint ics in t h e i r s p e c i f i e d concentra t ions : 
Mebendazole = 3.3 x 
6.7 X 10"^M 
Fenbendazole = iO''^M 
10-^M 
Me t r i f ona t e = 97.1 x 10"^m 
19.4 X 1 0 " ^ 
3 
(H) Autoradiographic study of the uptake of H g lucose . 
This study was car r i ed out on G. explanatum in presence 
of mebendazole in o rder t o ascerta in the r o l e of mebendazole on 
g lucose uptake v i a teguments. 
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3;ncubation of ma te r i a l s and f i x a t i o n : 
Fresh mature worms were c o l l e c t e d and rinsed tw i c e in 
medium A and then were d iv ided in t o f ou r groups. Group I was 
used as the contro l containing unlabel led g lucose . Group I I 
was used as cont ro l f o r drug t r ea t ed worms and contained only 
l a b e l l e d g lucose . Group I I I was incubated with l a b e l l e d 
g lucose and mebendazole in the concentrat ion of 3.3 x 
In group IV the drug was added a f t e r the pre incubat ion period 
alongwith l a b e l l e d precursor . A l l f ou r groups of worms were 
preincubated f o r two hours at 37 + i °G in medium A except 
Group I I I where the worms were preincubated f o r l a t e r ha l f hour 
of the preincubat ion period in medium A conta in ing mebendazole. 
A f t e r pre incubat ion, the worms were r insed t h r i c e in 
medium A, except Group I I I which was rinsed with medium A 
containing mebendazole. These rinsed groups were now ready 
f o r the exposure t o l a b e l l e d g lucose . F i v e worms in egch groups 
were exposed f o r per iods of 5, 15, 30, 60 and 120 minutes in 
2 ml of medium A conta in ing 100 yuCi of t r i t i a t e d g lucose per ml 
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( D - / 6 - V g lucose, sp. act , 38 curies/mmol, r a d i o a c t i v e 
concentrat ion 1.0 mSi/ml, Radiochemical Centre , Amersham). 
Group I was incubated with 10 mM of unlabe l led g lucose as 
c o n t r o l . 
A f t e r incubat ion in the hot medium, the worms were 
b r i e f l y r insed in 3 changes of medium A and b isec ted i n t o two 
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halves t ransve rse l y , b e f o r e being f i x ed in 10% neutra l bu f f e r ed 
formal in f o r overnight at 4°C. Fol lowing f i x a t i o n , the worms 
were washed in running tap water f o r lhand dehydrated in s e r i a l 
grades o f ethanol f o r 30 min in each. In lOO o^ ethanol ( o v e r 
sodium sulphate ) , 2 x 30 min change was provided and subsequently 
the mate r i a l s were embeded in JB^ r es in . For JB^ embedding, the 
dehydrated worms were t r ans f e r r ed t o so lu t i on A with 3 changes 
overn ight f o r complete i n f i l t e r a t i o n . Next day the mater ia l 
was embedded in dry g e l a t i n transparent capsules using so lu t i on 
A and B of JB^ in 25:1 r a t i o . 
So lut ion "A" 
Glyco l methacry late = 80 g 
2-Butaoxyethanol = 16 g 
Benzoyl peroxide = 1 .0 g (Weighed and added c a u t i -
ously as i t i s an exp lo -
s i v e ) . 
Al lowed the benzoyl peroxide t o f u l l y d i s s o l v e and then 
f i l t e r e d b e f o r e use. 
So lut ion "B" 
Po l ye thy l ene g l y c o l 400 = 15 g 
N,N-dimethy1 an i l i ne = 1.0 g 
Mixed thoroughly. 
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A l l chemicals f o r JB^ so lu t i ons , were obtained from 
Polaron Equipment L imi ted , England. The embedded blocks were 
stored in v i a l s containing dry anhydrous CuSO^ as dess i can t . 
Preparat ion o f autoradioqramsi 
Sect ions o f 2.5 um thickness were cut from the JB^ 
embedded b locks , using an LKB 2128 ultramicrotome. Sect ions 
were mounted on one end of c l ean and d u s t - f r e e g l ass s l i d e s 
using 0 .1^ Ammonia so lu t i on . The s l i d e s were stored in dust 
f r e e boxes containing dess icant ( s i l i c a g e l ) unless required 
f o r coat ing with photographic emulsion. 
The coat ing procedures were car r i ed out under dark-
room cond i t i ons by the "d ipp ing " technique, using minimum red 
s a f e l i g h t , mounted about 3 f t from the working area. The 
emulsion so lut ion was prepared i n a c op l i n j a r by d i s s o l v i n g 
lOg o f I l f o i d L^ nuclear research emulsion ( f i n e s t grained i n 
ge l form) in 20 ml of double d i s t i l l e d water at 45°C. The 
mixture was maintained at 45°C in a water bath f o r 15 min and 
was f r equen t l y s t i r r ed wi th a p a r a f f i n coated g lass rod. The 
emulsion so lu t ion was then kept at room temperature f o r a 
f u r the r 30 min, with occasional s t i r r i n g , b e f o r e use. 
For coa t ing , each s l i d e was dipped one by one in Copl in 
j a r containing emulsion and withdrawn immediately and g e n t l y . 
The OTulsion on the s l i d e s was never drained in to emulsion. 
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pot, but was allowed to drain v e r t i c a l l y over a f i l t e r paper 
f o r a few seconds. The coated s l i d e s were kept on one end 
v e r t i c a l l y t i l t e d f o r 10-15 min t o dry comple te ly . Care was 
taken tha t a l l the s l i d es were marked in a s e r i a l o rde r of 
numbers, and a l l sec t ions on the s l i d e s faced outwardly when 
kept f o r dry ing . A f t e r d ry ing , the s l i d e s were t rans f e r r ed 
to a s l i d e box and wrapped in a black p l a s t i c bag and was 
sealed proper l y . This ensured complete p ro t ec t i on of the 
coated s l i d e s from l i g h t exposure. The taped boxes kept in 
black p l a s t i c bags were made l i g h t p r o o f and a i r - t i g h t , and 
were l a b e l l e d be f o r e being stored i n r e f r i g e r a t o r at 4-5°C 
f o r 8 weeks. 
A f t e r the exposure per iod , the autoradiograms were 
developed in dark room undersasa fe l i gh t condi t ions as mentioned 
above. Be f o r e deve lop ing , the s l i d e s were brought t o room 
temperature and a l l procedures were car r i ed out at 20°C which 
i s very important. The s l i d e s were developed in Kodak 0-19 
deve l oper at 20°C f o r 5 min. Fol lowing a r inse in ace t i c 
acid f o r 10 sec, the preparat ion was f i x e d in Kodak * U n i f i x ' 
powder in D i lu t i on A ( 1 in 10 d i l u t i o n ) f o r 10 min. and washed 
f o r 30 min in d i s t i l l e d water which was changed f r e quen t l y . 
A f t e r f i x a t i o n , the rest procedure was carr i ed out under normal 
l abo ra t o r y cond i t i ons . The s l i d e s a f t e r f i x a t i o n were dr ied 
ove r absorbent paper overn ight in a dry dus t - f r e e room. 
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The sec t i ons were stained with d i l u t e 0 ,1^ To lu id ine 
blue, rinsed i n d i s t i l l e d water, dried and mounted in DPX/ 
Euparal. The g ra ins were located in the sec t ions and su i tab l e 
photographs were taken in o i l immersion using an I l f o r d black 
and white f i lm of 50 ASA, 
( I ) Glycogen es t imat ion . 
Fresh a c t i v e G. explanatum and S. q lob ipunctata were 
c o l l e c t e d , rinsed in medium A, b l o t t ed on a f i l t e r paper and 
t h e i r wet weight was taken on a s ing l e pan e l e c t r i c balance 
(Varba l , I n d i a ) . The a l k a l i so luble g lycogen was extracted 
and determined by the Anthrone method o f Roe and Da i l ey (1966) . 
1,0 to 0,5 g wet weight o f paras i t es were d iges ted in 3 ml of 
1 N NaOH. A number o f r e p l i c a t e s were run simultaneously f o r 
each pa ras i t e . The tubes were placed in a b o i l i n g water bath 
f o r 30 min. and were shaken occass i ona l l y t o f a s c i l i t a t e 
d i s i n t i g e r a t i o n o f the t i s sue . A f t e r complete d i g e s t i o n , the 
tubes were brought t o room temperature. 6 ml o f 1 N perch lor i c 
acid was added in each tube and were shaken v i go rous l y and 
allowed to stand f o r 15 min. The p r e c i p i t a t ed pro te in was 
discarded by cent r i fug at ion o f the contents at 400 g f o r 10 min. 
To the supernatant, 4 t o 6 ml of 95^ e thy l a lcohol containing 
0,1% l i th ium ch l o r i d e was added and thoroughly mixed. The 
g lycogen was allowed t o p r e c i p i t a t e overn ight in the tubes at 
room temperature. The contents were c en t r i f u g ed at 4000 g f o r 
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iO min. and the supernatant was decanted c a r e f u l l y . The p r e c i -
p i tated g lycogen was washed twice in 95% ethyl a lcohol conta in-
ing 0,1% l i th ium c h l o r i d e . The washed g lycogen was d i sso l ved 
in known quanti ty of d i s t i l l e d water . 
Su i tab le a l i quots were taken in the t e s t - tubes and 4 ml 
o f Anthrone reagent ( con ta in ing 0,05% Anthrone, 3% thiourea and 
72% by volume concentrated H^SO^) was added and the tubes were 
placed in a b o i l i n g water bath f o r 15 min. A reagent blank was 
also run simultaneously. When the tubes were at room tempera-
ture , the percent transmission of each content was recorded 
in cuve t tes using a spectrophotometer (Erma model LS-7, Japan) 
at 620 nm. Glycogen content was estimated with re f e rence t o a 
prev ious ly ca l i b ra t ed curve o f known amount o f s h e l l f i s h 
glycogen (Sigma Chemical Co., U . S . A , ) . 
For the est imat ion of g lycogen in the drug t r ea ted 
worms, the paras i t es were incubated f o r 3, 6 and 9 hours i n 
presence of mebendazole, fenbendazole and me t r i f ona t e , 
s im i l a r l y as mentioned in the g lucose uptake studies sect ion 
( G ) . A contro l was run simultaneously f o r each drug and 
incubation per iod . 
A f t e r incubat ion, the worms were rinsed tw ice in 
medium A and d iges ted in 1 N NaCH, The g lycogen was extracted 
and estimated by the method of Roe and Da l l e y (1966) as 
descr ibed above. 
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( 4 ) In v i t r o r e l e a s e of Ace t y l cho l i nes t e rase , 
Fresh a c t i v e woims were washed in three changes of 
Hanks medium h^ b l o t t ed dry and weighed (one gramme per 30 ml 
of incubate ) and then incubated f o r 3, 6 and 9 hours i n 30 ml 
of medium B conta in ing metrLfonate in 97.1 x lO""^ and 
-5 
19«4 X 10 M concent ra t ions . At the end of the incubation 
per iod, the worms were removed and the Ace t y l cho l i n e s t e ra s e 
(AChE) a c t i v i t y in the incubate medium was determined c o l o r i -
m e t r i c a l l y by the assay of the res idual substrate (Hes t r i n , 
1949). The incubate (medium) and substrate were t oge the r 
incubated f o r 60 min at 37°C in a t o t a l volume of 2 ml phosphate 
b u f f e r (0.067 M, pH 7 . 2 ) , the hydro lys i s ra te remaining almost 
constant during t h i s per iod . Ace t y l cho l ine ch l o r i d e (ACh) was 
used as substrate at a concentrat ion of 2,75 mM. The op t i c a l 
dens i t y of the f i n a l reac t ion product ( a f e r r ic -hydroxamic acid 
complex) was measured at 540 nm in a f i n a l volume of 6 ml. 
Results are expressed as /a moles ACh hydrolysed per 
hour by the enzyme released from 1 g wet weight of worms in a 
g iven per iod , 
(K ) Enzyme assays. 
The enzyme a c t i v i t i e s in the homogenates of G. expianatum 
and S. ql obi punctata were estimated in presence of anthelmint ics 
by two ways: 
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F i r s t l y , by the d i r e c t addit ion of drugs t o the f r e s h l y 
prepared homogenates and i s r e f e r r ed to as study I in the t e x t . 
Secondly, the worms were preincubated in v i t r o f o r 4 h 
at 37 + i °C in medium B containing diugs and the a c t i v i t y was 
then determined in t h e i r homogenates. This i s r e f e r r ed t o as 
study I I in the t e x t . 
Mebendazole was used in 3.3 x 10 M concentra t ion in 
a l l enzymes studied, except f o r ace t y l cho l ines t e rase (where 
met r i f ona te was used in 19.4 x concent ra t i on ) and malate 
dehydrogenase (where oxyc lozan ide was used in i C ^ M concentra-
t i o n ) . 
The t o t a l incubat ion volume of ind i v idua l enzyme assay 
mixture was kept constant in both type of s tud i es , A cont ro l 
was run simultaneously in each case. The quant i ty of homogenate 
used in each study was 0 , 1 ml throughout. The react ion mixtures 
were preincubated f o r 5 min t o bring the contents t o the optimal 
temperature of the reac t ion i . e . 37°C where necessary be f o r e 
s t a r t ing the enzyme r eac t i on . 
Preparat ion of homogenates; 
The worms were c o l l e c t e d , washed in th ree changes o f 
medium A, b l o t t ed and weighed. The f r e sh and the t r ea t ed worms 
were then homogenized in i c e - c o l d 0.25 M sucrose so lu t i on f o r 
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a l l enzymes unless otherAA'ise s p e c i f i e d i n d i v i d u a l l y . A 10^ 
(w/v) homogenate was prepared using a Pot ter -E lveh jem t i s sue 
g r inde r with a Te f l on p e s t l e kept in i c e -ba th « The homogenates 
were cen t r i fuged at ICXDO g t o remove the c e l l debr i s and the 
supernatant thus obtained were used f o r the enzyme assays. 
Acid and A lka l ine phosphatases (E.G. 3 .1 .3 .2 and E.G. 3 .1 .3 .1 
r e s p e c t i v e l y ) : 
The method of Bergmeyer ei. (1974) was employed using 
p-ni trophenyl phosphate (O.S mM) as the substrate . The t y p i c a l 
assay mixture contained the substrate d i s so l v ed in 1 ml of 
b u f f e r so lut ion ( 0 . 1 M Ace ta te b u f f e r , pH 6 .0 f o r acid and 
0 .1 M g l y c i n e b u f f e r , pH 10,0 f o r a lka l ine phosphatase), t o 
which 0 .1 ml of the homogenate was added. The react ion was 
allowed t o proceed f o r 30 min at 37 + 1°C and stopped by 8.9 ml 
of 0 .02 N NaOH. The chromogenic p -n i t ropheno la te formed was 
measured at 410 nm. 
Adenosine t r iphosphatase (E.G. 3 , 6 . 1 . 3 . ) : 
The a c t i v i t y was determined by the method of K i e l l e y as 
descr ibed by Colowick and Kaplan (1972) , The assay medium 
contained: 
ATP, 0,02 M, pH 7.0 , 0 ,1 ml; Tr i s -maleate b u f f e r , 0 ,1 M, pH 6,8 , 
0 , 3 ml; MgCl^, 0,05 M, 0 ,1 ml; water, 0 , 4 ml; homogenate, 0 .1 ml, 
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The t o t a l assay mixture i .O ml was incubated f o r 10 min at 
37 + 1°C. React ion was stopped by 1 ml 5% PGA and inorganic 
phosphorus was estimated in p ro t e in f r e e supernatant. 
Hexokinase (E.G. 2 . 7 . 1 . 1 . ) : 
The 10^ w/v homogenate was prepared in i c e - c o l d d i s t i l l e d 
water and enzyme was assayed by the method of Grane and Sols 
(1953) . For a l lowing hexose disappearance, the t o t a l 1 ml of 
react ion mixture contained: Tris-HCl b u f f e r , pH 7.4, 50yu moles; 
KH^PO^, 2/u moles; MgGl^, 10/u moles; ^TP, 5/u moles; NaF, 50/j 
moles; hexose ( g lucose , f ruc t o se and mannose), 2/ j moles; 
homogenate 0 . 1 ml. A f t e r 60 min incubat ion at 37 + 1°G, p ro t e ins 
and phosphorylated d e r i v a t i v e s were removed by p r e c i p i t a t i o n 
with Ba(0H)2 and ZnSO^ and the residual hexose in the supernatant 
were estimated c o l o r i m e t r i c a l l y as descr ibed by Plummer (1971 ) . 
Phosphorylase (E .G. 2 . 4 . 1 . 1 , ) : 
I t was estimated according t o the method of Gav ier and 
Savel (1952) . The t o t a l reac t ion mixture of 1 ml conta ined. 
G i t r a t e b u f f e r , pH 5 .8 , 50 /j moles; c y s t e ine , 12 /j moles; NaF, 
25 yu moles; h W , 0 .14/ j moles; g lycogen, 20 mg; homogenate, 
0 .1 ml. The r eac t i on was stopped by adding 1 ml i c e - c o l d TGA 
(10%), a f t e r 60 min incubat ion at 37 + i °G . Phosphorus was 
estimated from the pro te in f r e e supernatant. 
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Phosphoqlucomutase (E.G. 2 , 7 , 5 , i . ) ; 
Assayed by the method of N a j j a r (1948) as modi f ied by 
Sutherland (1949 ) . The t o t a l 1 ml of r eac t i on mixture conta ined: 
Tris-HCl b u f f e r , pH 7.4 , 50/u moles; MgCl2» -LO/J moles; c ys t e ine , 
10 jii moles; G - l - P , 10 yu moles; and homogenate, 0 . 1 ml. A f t e r 
30 min of incubation at 37 + 1°C, the reac t i on was stopped with 
5 N H^SO^ and l a b i l e phosphorus was estimated in the pro te in 
f r e e f i l t r a t e . 
Glucose-6-phosphatase (E.G. 3 . 1 . 3 . 9 . ) : 
The enzyme was estimated by the method descr ibed by 
Bergmeyer et a l . (1974) . The t o t a l reac t ion mixture was 0 .4 ml 
and contained the f o l l ow ing in m i l l i moles (mM). 
Sucrose/EDTA so lu t i on , pH 6 .5 , 52.5 mM/0.25 mM; G-6-P, 25 mM; 
Tr is -maleate b u f f e r , pH 6 .5 , 25 mM; homogenate, 0 .1 ml. A f t e r 
10 min incubation at 37 + 1*^0, the r eac t i on was stopped by 2 ml 
i c e - c o l d 10^ TCA. The inorganic phosphorus was estimated in 
the supernatant. 
Ace t y l cho l i nes t e rase (E.G. 3 . 1 . 1 . 7 ) ; 
The homogenate was prepared in i c e - c o l d phosphate b u f f e r , 
0.067 M, pH 7.2 and es t e rase a c t i v i t y was measured c o l o r i m e t r i -
c a l l y by assay of the res idual substrate (Hes t r i n , 1949), as 
descr ibed e a r l i e r . S p e c i f i c a c t i v i t y was expressed in to /a moles 
ACh hydrolysed per hour per gram wet weight of t i s s u e . 
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Mai ate dehydrogenase; L-Malate : NAD oxido reductase (E.G. i . i . i , 3 7 ) : 
The a c t i v i t y was assayed by the method of Bergmeyer and 
Bemt (1974 ) . The assay medium contained phosphate/aspartate 
so lut ion , pH 7,4 , 91 mM/ 38 mM; 2 - oxog lu t a r a t e , 1.2 mM; NADH, 
0.22 mM; GOT, 3 .3 U/ml; homogenate sample, 0 .1 ml. Tota l assay 
volume was 2.75 ml. 
Change in op t i c a l dens i t y was measured at 340 nm at one 
minute i n t e r v a l f o r 3 min at room temperature. S p e c i f i c 
a c t i v i t y has been expressed inyu mols of NADH oxidized/mg 
protein/min at 25°C. 
For s tud ies where oxyc lozanide was added d i r e c t l y t o the 
homogenates, a wavelength of 365 nm was employed s ince the 
abso rp t i v i t y of t h i s compound at 340 nm i s too great f o r accu-
rate measurement as suggested by Prober t ^ a l . (1981) , This 
f a c t o r was considered in the c a l c u l a t i o n s . 
Phosphorus and P ro t e in es t imat ion : 
Phosphorus and pro te in of each homogenate was determined 
by the method of Mar ine t t i (1962) and Lowry et a l . (1951) 
r e s p e c t i v e l y . 
Spec i f i c a c t i v i t i e s ; 
A l l enzyme a c t i v i t i e s have been expressed in t o n moles o r 
/u moles product l iberated/mg pro te in per min at 37 + 1°C, unless 
o r otherwise s p e c i f i e d . 
( L ) Estimation o f f r e e g lucose . 
Fresh worms, G, ex pi an at urn and S. qlobipunct ata. were 
weighed and incubated in medium B conta in ing 3.3 x 
mebendazole f o r 4 h at 37 + 1°C. Contro ls were also run 
simultaneou s l y . 
A f t e r incubat ion, the woims were rinsed gen t l y i n two 
changes of medium A and the f r e e g lucose was extracted in 10% 
alcohol by the method of Gra f f (1970) and estimated by the 
PGO enzymatic method (Sigma Technical B u l l e t i n No,: 510) as 
described e a r l i e r . 
Po lyacrv lamide ge l e l e c t r opho res i s of isozymes; 
Preparat ion of homoqenates. 
Fresh worms were incubated in medium B containing anthel -
mint ics at 37 + 1°C f o r 3 hours and then homogenised i n a g lass 
t e f l o n t i s s u e g r inder kept in i c e -ba th . One part of t i s s u e 
( 0 . 1 t o 0.5 g per ml o f d i s t i l l e d water ) i n f ou r parts of water 
( 1 : 4 ) was used f o r a c e t y l cho l ines t e rase wh i l e 1 :1 r a t i o was used 
f o r MDH (Mai ate dehydrogenase) . The homogenates were c en t r i fuged 
at 12,000 rpm in a high speed c e n t r i f u g e (Remi R24, I nd i a ) f o r 
15 min in a precooled c e n t r i f u g e r o t o r and tubes and supematants 
were used as the source o f enzymes. The p ro t e in was determined 
by the method of Lowry et (1951 ) . The homogenates of cont ro l 
worms without d iugs were also prepared s i m i l a r l y . 
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The f o l l ow ing drugs were used in o rder to see the e f f e c t 
o f drugs on the isozymes. 
Me t r i f ona t e = 97,1 x lO^^M concentra t ion used f o r es terases and 
ace t y l cho l i nes t e rase , 
Oxyclozanide = 10"^M concentrat ion used f o r MDH. 
Disc e l e c t r opho r es i s ; 
Po lyacry lamide g e l e l e c t r opho r e s i s f o r the i sozyme 's 
e l e c t r opho re t i c m o b i l i t i e s were studied by the method of 
Davis (1964 ) . The tank assembly f o r d i sc e l e c t r ophores i s 
apparatus was obtained from Shandon, England. An A.C. mains 
power supply, Toshniwal, I nd i a , wi th D.C, current output, was 
used as the power supply. 
P r i o r t o e l e c t r ophores i s , the g e l tubes (75 mm in l ength 
with 5 mm ins ide d iameter ) were cleaned and s i l i c o n i z e d . A f t e r 
d ry ing , the ge l tubes were f i l l e d with small pore so lu t i on , 
c a r e f u l l y over load with 0 . 1 ml of D.D.W. and was allowed t o 
polymerize f o r 30 min at room temperature. S im i l a r l y , the 
l a r g e pore was also allowed t o polymer ize ove r the small 
pore under d a y - l i g h t f o r photopolymer izat ion which took about 
1 hour. Removing the water l a y e r , 50 yul of the p ro t e in , 150 yul 
of l a r g e pore so lut ion mixed with a drop of 0,5?^ bromophenol 
blue dye was applied on top of the g e l . While e l e c t TO Phoresis 
was allowed to proceed, 3 mA current per tube was maintained 
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unt i l the t rack ing dye (bromophenol b lue ) reached near the 
anodal end. 
The var ious reagents and t h e i r composit ions f o r small 
pore, l a r g e pore and br idge b u f f e r were prepared as descr ibed 
by Haque (1980 ) . 
Fo l lowing e l e c t r ophores i s , the ind i v idua l g e l s were 
removed from t h e i r tubes and a black nylon b r i s t l e was c a r e f u l l y 
inser ted along the band of the bromophenol-blue. This served as 
a marker f o r the tracking dye migrat ion which usual ly disappeared 
from the ge l during incubation in the s ta in ing mixture f o r the 
various enzymes. 
Sta ining o f enzymes i n g e l s : 
Ace t y l cho l i nes t e rase as described in Shaw and Prasad (1970 ) , 
For th i s enzyme the br idge b u f f e r was 0 ,3 M Borate 
(pH 8 , 0 ) , 
Stain b u f f e r : 0,022 M g l y c in e - 0,0075 M Maleic acid, pH 6 .0 , 
Glyc ine = 1,65 g 
Male ic acid = 9.71 g 
1 M NaOH = 15 ml. 
H^O t o = 1 l i t r e . 
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St ain; 
A. CuSO^.SH^O = 0.15 g 
MgC1^.6H^0 = 0 . 5 i g 
Na^SO^ (anhydrous) = 34. i g 
Sta in b u f f e r (pH 6 .0 ) = 100 ml. 
B. Ace t y l cho l ine i od ide = 200 mg. 
as substrate 
C. 40% N05SO4 ( sa tu ra t ed ) = 100 ml. 
D. O.OIM Yel low Ammonium = 100 ml. 
sulphide ( 3 ml of 23.7% 
solution / 100 ml stain 
b u f f e r ) 
Reagent B was added t o so lu t i on A and the g e l s were 
incubated in i t f o r 1 h at 37°C, M t e r incubat ion, the 
incubate was poured o f f and the g e l s were rinsed in so lu t i on C, 
a f t e r which the g e l s were allowed t o stand i n so lut ion D f o r 
10 min o r un t i l dark brown bands were v i s i b l e . The g e l s were 
taken out and f i x e d , 
Mai ate dehydrogenase; Method of Shaw and Koen (1964 ) . 
The br idge b u f f e r system was used as 0.15 M T r i s - c i t r a t e 
b u f f e r , pH 1,0, 
Sta in ; 
NAD+ or NADH = 50 mg 
b8 
NBT = 30 mg 
PMS = 2 mg 
Substrate i M NaL-malate, pH 7 .0 : 
NaL-malic acid = 13,4 g 
2m Na^CO^.H^O = 49.0 ml 
H2O = 100 ml. 
Kept the f l a sk coo l during mixing. 
= 10 ml. 
0.5 M Tris-HCl b u f f e r , = 10 ml. 
pH 7 .1 
H^O = 70 ml 
0 . 1 M NaCN = 5 ml 
Incubated the g e l s at 37°C f o r 1 hour, washed and f i x ed , 
The drugs in t h e i r appropr iate concentrat ions were 
added in the incubation mixture containing a l l the o ther 
normal ing rad ian ts . 
A f t e r s ta in ing , a l l g e l s were r insed in d i s t i l l e d water 
and stored in 1% ace t i c acid which i s a lso the f i x e r f o r a l l 
enzymes studied here. 
Photography of the g e l s ; 
The stained g e l s showing bands of the isozymes were 
t r ans f e r r ed in narrow g lass tubes f o r the photography. The 
enzyme a c t i v i t y in the ge l appeared as coloured bands and the 
g e l s were photographed under t r ans i l l um ina t i on with a Pentax 
by 
camera using Kodak 35 mm, 50 ASA f i l m , 
A l l photographs were taken by keeping cathodal end of the 
ge l at the top . Every care was taken that a l l photographs were 
from same d is tance to maintain the equal s i z e and magn i f i ca t i on 
of the g e l s , in o rder t o g i v e a comparative l ook . 
Nomenclature o f the isoenzymes: 
In accordance with the I.[J,B, recommendations (Webb, 
1964) the isozymes reso lved on the ge l were consecut i ve l y 
numbered in order of t h e i r anodic mob i l i t y , w i th the most 
anodal band designated as isozyme one. 
Densitometry and quant i ta t i on ; 
The quan t i t a t i v e est imat ion of the co l our i n t e n s i t y in 
d i f f e r e n t isozymes present in d i f f e r e n t parts of the sta ined 
ge l was done by scanning. A systronic dens i tometer was used 
f o r g e l densitometry with a s l i t width of about 1 mm. The 
unstained por t ion of the g e l s below the nylon b r i s t l e marker 
was used as a blank area t o set the instrument f o r ICD per cent 
transmittance. For a ce t y l cho l ines t e rase a b lue f i l t e r was 
used and f o r MDH, a red f i l t e r was employed. 
( ) Histoenzymoloqical s tud i es . 
Incubation and preparat ion o f worms; 
L i v e woims were incubated in medium B containing 
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mebendazole, me t r i f ona t e and oxyc lozanide i n the concentrat ion 
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of 3.3 X iO~ M, 97.1 X lO" M and l o " M r e s p e c t i v e l y , f o r 3 h 
at 37 + 1°C, The con t ro l s were incubated without drugs . A l l 
incubated worms were rinsed gent ly with s a l i n e , d r i ed and were 
kept in the r e f e r i g e r a t o r f o r about two hours in order t o 
achieve complete r e l axa t i on of the p a r a s i t e s . 
Sect ioning of worms; 
The relaxed woiras were placed on stubs ( - 20 °G ) and 
embedded in an embedding medium f o r f r o zen t i s s u e specimens 
Tissue-Tek I I (Lab-Tek Products , U . S . A . ) . The sec t ions were 
cut on a r e f e r i g e r a t e d cryotome (American Opt ica l Instrument 
Company, U.S .A . ; model 840) maintained at -20°C. The sect ions 
were stained f o r var ious enzymes. 
Sta in ing of enzymes; 
Calcium-cobalt method f o r A l ka l i n e phosphatase (Pearse^ 1975) 
The sec t i ons were incubated f o r 1/2 - 4 hours at 37°C 
in the f o l l ow ing medium; 
10 ml 3^ sodium beta g lycerophosphate 
10 ml 2% sodium d i e t h y l barb i tura te 
5 ml d i s t i l l e d water 
20 ml 2% CaCl^ 
1 ml 5^ MgSO. 
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The sec t ions were mounted on c l ean g lass s l i d e s without 
any adhesive and dr ied in a i r at room temperature f o r 1-2 hours. 
Subsequently the sec t ions were incubated in the substrate contain-
ing medium, washed in water , t r ea ted with 2% coba l t n i t r a t e 
so lut ion f o r 3-5 min, washed, t r ea ted with d i l u t e ye l l ow 
ammonium sulphide f o r 1 -2 min, washed in running water f o r 
5 min and mounted in g l y c e r i n e j e l l y . Various s t ructures 
showing black o r brownish black depos i t i on ind ica ted the 
presence of enzyme. 
Lead n i t r a t e method f o r acid phosphatase ( Pea rse . 1975): 
The sec t ions were incubated at 37°C f o r 1/2 - 6 ( average 
4 hrs ) i n the f o l l ow ing medium: 
0,01 M sodium beta glycerophosphate in 
0,05 M acetate b u f f e r (pH 5 , 0 ) conta in ing 
0.004 M lead n i t r a t e . 
Washed b r i e f l y and immersed in d i l u t e ye l l ow ammonium 
sulphide f o r 1 -2 min. Washed we l l f o r 5 min and mounted in 
g l y c e r i n e j e l l y , 
Indoxyl acetate method f o r es terases ( P ea r s e . 1961): 
Staining medium; 
1,3 mg O-acety l -5-b iomoindoxy l ace ta te d i sso l ved in 0 .1 
ml of ethanol . In t h i s s o l u t i o n , the f o l l o w i n g were added: 
0 .1 M Tris~HCl b u f f e r ( pH 6 -8 ) = 2 . 0 ml. 
0.05 M Potassium f e r r i c y a n i d e = 1 .0 ml. 
0.05 M Potassium f e r r o c yan ide = 1 .0 ml . 
0 . 1 M CaCl^ = 1 .0 m l . 
Make upto 10 ml wi th d i s t i l l e d water . 
Incubated s e c t i ons f o r 10 sec t o 15 hour at 22°C o r 
37°C, r insed b r i e f l y in wa te r (no washing) and mounted in 
g l y c e r i n e j e l l y . 
/Vcetv l th iocho l ine method f o r c h l o i n e s t e r a s e s ( P e a r s e . 1961); 
Stock s o lu t i ons ; 
CuSO^.SH^O = 0 . 3 g 
G lyc ine = 0.375 g 
MgCl2.6H20 = 1 .0 g 
Ma le i c acid = 1.75 g 
NaOH ( 4 ^ ) = 30 ml. 
Na^SO^ (40% hot sa tura t ed ) = 170 ml. 
(pH 6 . 0 ) . 
Incubat ing medium; 
20 mg a c e t y l t h i o c h o l i n e i o d i d e d i s s o l v e d in a few drops 
o f wate r . Add 10 ml of stock so lu t i on ( a s above ) . 
Incubate s ec t i ons f o r 10-60 min. at 370g, r i n s e i n 
th r e e changes o f saturated Na^SO^, t r e a t w i th d i l u t e y e l l o w 
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ammonium sulphide f o r 2 min, wash b r i e f l y and mount in 
g l y c e r in e j e l l y . 
Mai ate dehydrogenase ( Pea rse . 1961); 
Fol lowing i s the incubating medium containing the 
substrate : 
IM Na-L-malate o r L-mal ic acid t o pH 7.0 wi th 1 .0 M 
T r i s - b u f f e r = 0 .1 ml 
DPN or TPN ( 0 . 1 M) = 0 .1 ml 
Sodium cyanide ( 0 . i M) = 0 .1 ml 
MgCl^ (0 .05 M) = , 0 . 1 ml 
Phosphate b u f f e r (0 .06 M, = 0.25 ml 
pH 7.4 to 7 .6 ) 
NBT i mg/ml = 0.25 ml 
D i s t i l l e d water t o make up = 1 .0 ml 
Po l y v iny lpy r ro l i done = 75 mg 
(M.W. 11,000) 
The sect ions were covered with 0 . 1 t o 0.2 ml o f incuba-
t ing medium and incubated f o r 5-30 min at 37°C in a i r . Fixed 
in 10% fo imol sa l ine o r formol calcium f o r 10 min and mounted 
i n g l y c e r i n e j e l l y . 
Calcium method f o r adenosine tr iphosphatase (Pearse . 1975): 
Incubation medium; 
0 .1 M sodium barb i tu ra t e = 20 ml. 
0.18 M CaCl^ = 10 ml. 
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D i s t i l l e d water = 30 ml. 
ATP dissodium s a l t in f i n a l = 152 mg. 
concentrat ion o f O.CXDS M 
As soon as ATP was d i s s o l v e d , the pH was adjusted t o 9 . 4 with 
0 . 1 M NaOH. 
The sect ions were incubated f o r 5 min t o 3 hours at 
37°C. Washed in three changes of 1% CaCl^ and t rans f e r r ed 
t o 2% coba l t ch l o r i d e f o r 3 min, washed in d i s t i l l e d water . 
Developed in d i l u t e y e l l ow ammonium sulphide. Dehydrated, 
c leared and mounted in a su i tab l e synthet ic medium. 
Photography of stained sec t i ons : 
The sect ions sta ined f o r the above enzymes were 
photographed at d i f f e r e n t r eso lu t i ons w i th a Pentax camera 
using Kodak 35 mm, 50 ASA, black and whi te f i l m . The sec t ions 
t r ea ted with var ious anthe lmint ics , were a lso photographed 
at s i m i l a r r eso lu t ions f o r comparison. 
C H A P T E R - IV 
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RESULTS AND DISCUSSION 
i n v i t r o surv iva l of G. explanatum in presence of 
anthelmint ics . 
The worms were incubated in d i f f e r e n t concentrat ions 
o f the drugs understudy in order to f ind out t h e i r in_ v i t r o 
su r v i va l . I t i s observed from the present r e su l t s that a l l 
f ou r drugs show some a c t i v i t y against t h i s amphistome, although 
with a va r i a t i on in t h e i r surv i va l t ime ( Tab l e 1 ) . 
The benzimidazole compounds (mebendazole and fenbenda-
z o l e ) were almost i n e f f e c t i v e below concentrat ion 
because the worms remained a c t i v e even a f t e r s i x hours, as 
compared with the con t ro l worms. At concentrat ions h igher 
than IQ-^m, the m o t i l i t y of the worms was s l i g h t l y decreased 
- 3 
and at 10 m concentrat ion , m o t i l i t y decreased d r a s t i c a l l y . 
None of these two compounds were able t o i n a c t i v a t e the worm 
comple te ly . This c l e a r l y i nd i ca t e s that benzimidazole compounds 
do not cause death of the pa ras i t e w i th in s ix hours of incuba-
t i o n but these drugs retard the worm m o t i l i t y only at higher 
concentrat ions . 
Me t r i f ona t e i s qu i t e e f f e c t i v e i n a l l concentrat ions 
and the e f f e c t i s ' q u i t e pronounced w i th in a shor t e r i n t e r v a l 
—8 of t ime. In 10 M concentrat ion the worms become i n a c t i v e 
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Table i : i n v i t r o surv iva l of G iqantoco ty l e explanatum in 
oresence of various anthe lmint ics . 
r s 
-7 
Drug Cone ent ra- Surv iva l Observations 
t i on time 
(Mo la r ) (Minutes ) 
Control 360 Very ac t i ve 
Mebendazole X iO-8 360 A c t i v e 
X 1 0 - ' 360 Ac t i v e 
X 10-6 360 Ac t i v e 
X 10-5 360 Le tharg ic 
X 10-4 360 Leth argic 
X 10-3 360 Very- 1 e tharg ic 
Fenbendaz ol e X 10-^ 360 Ac t i v e 
X 360 Ac t i v e 
X 10-6 360 Le tharg i c 
X 10-5 360 Letharg ic 
X 
o 
360 Very l e t h a r g i c 
X 10-3 360 Very l e t h a r g i c 
Met r i f ona t e X 10 
X 10 
X 10" 
X 10 
X 1 0 
X 10 
-5 
r 4 
- 3 
-7 
- 6 
-5 
_4 
- 3 
130 Paralysed/Dead 
90 Paralysed 
55 Paralysed 
14 Paralysed 
10 Paralysed 
10 Paralysed 
II 
11 
II 
II 
Oxyclozanide X 10 
x 10 
X 10 
X 10 
X 10 
X 10 
22 
10 
5 
2 
1 
1 
Dead/Paralysed 
11 
II 
II 
It 
It 
Nine r e p l i c a t e s with twenty f i v e woims in each concentra t ion 
were used. 
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with in 130 minutes. Any increase i n diug concentra t ion , 
decreases the time taken by the woims t o become i n a c t i v e . In 
- 3 
10 M concentrat ion of me t r i f ona t e , the worms become i n a c t i v e 
complete ly wi th in 10 minutes. The i n a c t i v e worms become very 
s o f t and f l a c c i d , 
Oxyclozanide i s the most e f f e c t i v e drug in the sense 
that i t makes the worms i n a c t i v e f a i r l y quick ly as compared 
t o me t r i f ona t e . In the lowest concentrat ion ( l O " M) and in 
—3 
the highest concentrat ion (10 M ) , the worms become i n a c t i v e 
w i th in 22 and one minutes r e spe c t i v e l y a f t e r the worms come 
i n t o the d i r e c t contact o f the drug. I t i s observed that the 
worms become r i g i d and contrac ted , a f t e r becoming i n a c t i v e due 
to oxyc lozanide . 
I t was observed that the drugs understudy are e f f e c t i v e 
in t h i s order : Oxyc l o zan ide^ m e t r i f o n a t e " ^ fenbendazole 
mebendazole. The parameter used in the present study was 
d i r e c t v i sua l observat ion on the surv iva l of the worms in 
presence of the drugs in d i f f e r e n t drug concentra t ions . The 
r e su l t s ( Tab l e - l ) , i n d i c a t e that the d i r e c t v i sua l observa-
t i on can furnish a pre l iminary in format ion on the e f f e c t of 
the drugs on trematode m o t i l i t y and the e f f e c t i v e range of 
t h e i r concentrat ions can be worked out f o r f u r t h e r in v i t r o 
screening of a p a r t i c u l a r compound. Instead o f car ry ing out 
long term and expensive experiments on d i f f e r e n t concentrat ions 
of a drug, such pre l iminary i n v e s t i g a t i o n s by v i sua l observa-
t i ons could be an economic and quick method f o r in v i t r o 
s tud ies . I t i s now we l l understood, tha t a l l the drugs which 
have anthelmintic p rope r t i e s , have d i f f e r e n t modes of ac t ions , 
but t h e i r u l t imate e f f e c t i s r e f l e c t e d on the m o t i l i t y of the 
worms (Terada et a l . , 1982a). Hence d i r e c t v i sua l observa-
t i ons on the surv iva l of the helminths in a media containing 
drug, foims an important part f o r studying t h e i r in v i t r o 
m o t i l i t y . Such v i sua l observat ions have been studied on 
Schistosoma sp, and Fasc io la sp. by a number of workers by 
using d i f f e r e n t anthe lmint ics , (Tomosky £fc a l . , 1974; Coles , 
1975; Abrahams ^ a l . , 1976; Henry ^ , 1976). and in a 
number of o ther helminths as we l l (Sano e t , 1982; Terada 
et , 1982b), Time/dose-dependent pa ra l y s i s due t o diamfene-
t i d e f r e e amine was observed v i s u a l l y by Rew et aJ^ . (1983) 
in adult and j u v e n i l e F. hepatic a. Although such studies 
permit the observat ions of major changes in m o t i l i t y , i t does 
not prov ide a quan t i t a t i v e measurement o f the drug e f f e c t s on 
m o t i l i t y . Hence v i sua l observat ions can prov ide only a rough 
idea of the e f f e c t o f a drug and one cannot e x c l u s i v e l y r e l y 
on the r e su l t s obtained by the v isua l obse rva t i ons . 
I I . E f f e c t o f anthelmint ics on detachment of G. explanatum from 
the host t i s s u e . 
A drug having a para lys ing e f f e c t on the helminth o r 
Fig . 3: Contro ls f o r the study of the e f f e c t of anthel -
mint i cs on the detachment of G igantocoty le 
explanatum from the host t i s s u e showing f resh 
woims ( A ) and incubated worms in absence of 
drug ( B ) . 
6 9 
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causing the vjoim t o become i n a c t i v e during ijn v i t r o incubat ion 
i s probably not s u f f i c i e n t f o r be ing an i d ea l anthe lmint ic . The 
drugs should however cause complete detachment of the worm from 
the host t i s s u e . G. explanatum has a w e l l developed and power-
fu l organ ( v e n t r a l sucker or the acetabulum) of attachment. In 
cont inuat ion of the previous study on m o t i l i t y , experiments 
were a lso designed to observe v i s u a l l y the ijn v i t r o e f f e c t of 
c e r t a in drugs on the detachment of G, expl anatum from the host 
t i s sue ( b i l e duc t ) . The concentrat ion of drugs used in t h i s 
experiment were the same i n which the maximum e f f e c t on 
m o t i l i t y was not iced in the ^ v i t r o surv i va l experiments. The 
worms were incubated in sa l ines conta in ing drug alongwith the 
host t i s sue as descr ibed in mate r i a l s and methods f o r 40 
minutes. The e f f i c a c y of drugs were assessed on the bas is o f 
the con t ro l worms, which remained a c t i v e and f i r m l y attached 
t o the host t i s sue even a f t e r 3 hours of incubat ion i n sa l ines 
without drug ( F i g , 3B). 
Table 2 shows that mebendazole in 3,3 x 10 ^M concen-
t r a t i o n was able t o detach 12^ of the woinis and fenbendazole 
in lO^^M concentra t ion , was able t o detach 15% of the worms 
wi th in 40 minutes. This i nd i ca t e s that benzimidazole compounds 
are not very e f f e c t i v e drugs in detaching the worms and a lso 
the woims remained a c t i v e whether they were attached t o t h e i r 
host t i s sue o r not ( F i g , 4A and B ) , P r e v i ous l y , no such 
in v i t r o s tudies have been ca r r i ed out , but i j i v i v o repor ts 
F i g . 4: E f f e c t of benzimidazole compounds on the detach-
ment of G iqantocoty le expl an at urn from the host 
t i s s u e , 
( A ) Mebendazole, 
( B ) Fenbendazole. 
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are a va i l ab l e on t h i s aspect . Chevis (1980) reported in v i v o 
detachment of 9,4% and 29% of F. hepat ica from b i l e ducts due 
to mebendazole wi th in 6 and 30 hours a f t e r treatment respec-
t i v e l y . Such a low percentage of in v i v o detachment of worms 
due to mebendazole ( l o c . c i t . ) i n d i c a t e s that the r e su l t s of 
the present i n v e s t i g a t i o n are s i g n i f i c a n t under _in v i t r o 
c ond i t i on . However, Rahman et (1977) reported that the 
number of F. hepatic a which detached from b i l e duct i s d i r e c t l y 
propor t iona l with the time of treatment of i n f e c t ed sheep with 
mebendazole. I t must be r e a l i z e d that mebendazole may be 
regarded as f a i r l y t y p i c a l wi th prolonged absorption and 
exc re t i on t ime under i n v i v o cond i t i on (P r i chard , 1978b), 
however, the present f i nd ings are based on short -per iod of 
in v i t r o incubat ions, because in i j i v i t r o condi t ions the drugs 
come i n t o the d i r e c t contact of the paras i t e which i s e n t i r e l y 
d i f f e r e n t from the condi t ions p r e va i l i n g j j i v i v o . 
_5 
Me t r i f ona te i n the concentrat ion of 97.1 x 10 M, causes 
30% detachment of the worms w i th in 10 minutes, wh i l e in 43 
minutes, a l l the worms (iOO;'/ )^ are detached and they a l l become 
t o t a l l y i n a c t i v e and f l a c c i d (Tab le - 2 and F ig . 5A ) . Me t r i -
f ona te has mostly been t es t ed on schistosomes ( s e e h i s t o r i c a l 
r ev i ew ) and i t i s we l l es tab l ished that t h i s drug i s neuro-
t o x i c . In the present study, me t r i f ona te causes retarded 
a c t i v i t y in worms, poss ib ly by a f f e c t i n g the neuromuscular 
F i g . 5A: E f f e c t of me t r i f ona t e on the detachment of 
G iqantocoty le explanatum from the host t i s sue . 
F i g . 5B: E f f e c t of oxyc lozanide on the detachment of 
Giqantocoty l e expl anatum from the host t i s sue , 
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system, which causes detachment and the worms become f l a c c i d . 
Such f l a c c i d i t y has also been reported in S. mansoni due t o 
metrLfonate ( M e l l i n et , 1983). 
-5 
In presence of 10 M oxyc lozan ide , 50% worms were 
detached w i th in 10 minutes, wh i l e , 100^ worms were detached 
wi th in 20 minutes ( Tab l e - 2 ) , Unl ike me t r i f ona t e , the worms 
do not become f l a c c i d but are contracted and become spast ic 
and hard ( F i g . 5B). The worms become i n a c t i v e soon as they 
come in to the d i r e c t contact of the drug, but detachment takes 
some t ime. This drug causes uncoupling of o x i d a t i v e phospho-
r y l a t i on in helminths both in v i t r o as we l l as in v i v o ( s e e 
h i s t o r i c a l r e v i e w ) . I t i s poss ib l e tha t the worms become 
i n a c t i v e due t o uncoupling and blocking o f energy generat ion 
which u l t ima t e l y r e su l t s in to the detachment of the worms 
frcra the host t i s s u e . 
I t i s observed from Table - 2 , tha t the drugs are 
e f f e c t i v e in the order o f : O x y c l o z a n i d e ^ m e t r i f o n a t e ^ 
f e n b e n d a z o l e ^ mebendazole. No previous report i s a va i l ab l e 
on such in v i t r o detachment of pa ras i t e s from the host t i s s u e . 
I t appears from the present study that in comparison t o b enz i -
midazo les , organophosphates and s a l i c y l a n i l i d e s could be potent 
anthelmint ics f o r amphistomes s ince they cause 100% detachment 
of the worms in a short period of t ime. However, f u r t h e r 
in v i v o s tud ies are required and i f the r e su l t s show the same 
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pattern o f e f f i c a c y then these drugs can s a f e l y be used as 
potent anthe lmint ics f o r amphistomes» 
I I I , E f f e c t of drugs on the m o t i l i t y o f G. explanatum. 
I t was observed from the previous two experiments that 
the drugs understudy a f f e c t the m o t i l i t y of G. expl an at urn. 
Such v i sua l observat ions could not furn ish the quan t i t a t i v e 
data on the worms m o t i l i t y . For q u a n t i t a t i v e observat ions on 
the worm m o t i l i t y , severa l s e n s i t i v e methods have been devised 
( s e e h i s t o r i c a l r e v i ew ) . In the present study kymographic 
recording was used f o r the worm m o t i l i t y in o rde r t o have 
some quan t i t a t i v e as we l l as q u a l i t a t i v e in format ions on the 
drug e f f e c t s on G, explanatum. 
E f f e c t of mebendazole i s shown in F i g . 7, the normal 
m o t i l i t y of the worm appears in the form of a d e f i n i t e pat terns 
of rhythmical bursts and l u l l s and in amplitude. A f t e r the 
addit ion o f 3.3 x mebendazole, no d r a s t i c e f f e c t i s 
produced i n the m o t i l i t y . Slowly and g radua l l y , a t r a n s f o r -
mation occurs in the rhythmici ty of the bursts and l u l l s which 
resu l t s i n t o a disturbed amplitude and f requency. The worm 
remains a c t i v e and a l i v e and the drug causes no m o r t a l i t y even 
a f t e r two hours. In comparison to mebendazole, fenbendazole 
—5 
(10 M) i s more e f f e c t i v e . The drug produces a pronounced 
disturbance in the frequency and amplitude of bursts and l u l l s 
Fig . 6: Kymographic set-up used f o r recording the 
m o t i l i t y of Giqantocoty le explanaturn in presence 
of drugs. 
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F i g . 6 
F i g . 7: E f f e c t o f mebendazole on the in v i t r o m o t i l i t y 
G iqantocoty le explanatum. 
Broad arrow ind i ca t e s addi t ion of drug. 
115 
N O R M A L . A C T I V I T Y 
< o < 
UJ m 
tr 3 
(iii) 
•Tt-U-
. ( lul I : • : " ' • • » • { iv) ^ 
t-r'-" ^^  = 
Drum speed = 0,19mm/sec. 
Tension =0.4g 
5 min 
Fig.7 
116 
in a shor te r i n t e r v a l of t ime ( F i g . 8 ) . I t appears from the 
r e su l t s , tha t benzimidazole compounds do not cause a pa ra l y s i s 
in G, explanatum and the worms remain a l i v e but the m o t i l i t y 
decreases with the increase o f t ime . 
The r e su l t s of the e f f e c t of oxyc lozan ide (10 M) on 
m o t i l i t y i s shown in F ig . 9 . The drug i s very e f f e c t i v e , 
because the worms become i n a c t i v e as soon as they come i n t o 
the d i r e c t contact of the drug ( F i g . 9 ) , and causes spast ic 
pa ra l y s i s . The worms probably d i e because t h i s spas t i c 
para l ys i s i s i r r e v e r s i b l e . 
Me t r i f ona t e (19 ,4 x lO^^M) has a lso a d r a s t i c e f f e c t 
on the m o t i l i t y o f G. explanatum. I t appears from F i g . 10 
that soon as the worm comes in t o the contact of the drug, there 
i s an increased a c t i v i t y with quick success ive con t rac t i ons 
resu l t ing i n t o an increased frequency and amplitudes and then 
gradua l ly the frequency decreases . S im i l a r r e su l t s have been 
reported by Semeyn et (1982) in S, mansoni. They observed 
tha t the worms t reated by me t r i f ona te (10 M) in v i t r o , appeared 
to go through a short psiod o f e x c i t a t i o n b e f o r e g radua l l y 
becoming l e s s a c t i v e . In the present study, G, explanatum 
i s f i n a l l y paralysed wi th in 8-9 minutes a f t e r drug addi t ion 
( F i g . 10 ) . The drug produces a f l a c c i d pa ra l y s i s which i s 
r e v e r s i b l e in nature. M e l l i n et a^. (1983) reported f o r 
f l a c c i d pa ra l y s i s by me t r i f ona te i n S, manosni, Me t r i f ona t e 
F ig . 8: E f f e c t of fenbendazole on the in v i t r o m o t i l i t y 
of Gig antocoty le explanatum. 
Broad arrow ind i ca t e s addi t ion of drug. 
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F ig . 9: E f f e c t of oxyc lozan ide on the in v i t r o m o t i l i t y 
of G iqantoco ty l e explanatum. showing spast ic 
para l ys i s a f t e r the addi t ion of drug. 
Broad arrov\i i nd i ca t e s the addit ion of drug. 
F i g . 10: E f f e c t of me t r i f ona t e on the i j i v i t r o m o t i l i t y 
o f Giqantocoty l e expl ana turn, showing increased 
m o t i l i t y immediately a f t e r the addit ion of drug 
fo l lowed by f l a c c i d p a r a l y s i s . 
Broad arrow ind i ca t e s addi t ion of drug. 
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has been studied f o r i t ' s e f f e c t on m o t i l i t y in a number of 
helminths, but mostly schistosomes have been choosen as a model 
( s ee h i s t o r i c a l r e v i ew ) . F e t t e r e r al^. (1977) , reported a 
method f o r d i r e c t l y recording motor a c t i v i t y in S. mansoni 
in v i t r o , using suct ion e l e c t r odes . Further, using t h i s method, 
Pax £t (1978) reported i j i v i t r o spast ic para lys i s in 
S. mansoni and S, j aponicum due t o praz iquante l and RO 11-3128, 
S im i l a r l y a rapid cont rac t i on in the musculature of adult male 
S. mansoni was also observed d ue to 10 praziquantel 
( F e t t e r e r e t , 1980). Another compound ouabain causes an 
increased c o n t r a c t i l e a c t i v i t y wi th a s i g n i f i c a n t increased 
tens ion which maintained f o r cons iderab le t ime in adult male 
S. mansoni ( F e t t e r e r and Pax, 1981). Recent ly , e f f e c t of 
oxamniquine on m o t i l i t y o f S, mansoni has also been recorded 
using a f o r c e transducer and reported an increase in tonus and 
i n t e n s i t y and frequency of the spontaneous cont rac t ions of the 
worm ( d e Moura and Rozental , 1983). 
From the r e su l t s of these kymographic record ings , i t 
appears that a l l f ou r drugs understudy, have e f f e c t on the 
m o t i l i t y of G. ex pi anatum. The drugs are e f f e c t i v e in the 
order o f : Oxyclozanide ^ me t r i f ona t e ^ f e n b e n d a z o l e ^ meben-
dazo l e , Benzimidazole compounds are known t o i n h i b i t g lucose 
uptake and cause glycogen d e p l e t i o n which r e su l t s i n t o a gradual 
decreased generat ion of ATP (Van den Bossche, 1980), The 
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changes produced in the burst and l u l l s o f the worm m o t i l i t y 
and a gradual f a l l in the frequency and amplitude of the 
movement, r e f l e c t s i n d i r e c t l y the decreased generat ion of ATP 
due t o benzimidazole compounds, 
Oxyclozanide para lyses the worm, o r ra ther k i l l s the 
worm f a i r l y qu ick ly , poss ib ly because the drug uncouples the 
o x i d a t i v e phosphorylat ion as reported i n F, hepatic a (Corbe t t 
and Goose, 1971). The drug causes a spast i c pa ra l y s i s which 
suggests f o r the f a c t tha t oxyc lozan ide poss ib ly a lso i n t e r -
f e r e s with the proper neuromuscular coord inat ion of the amphis-
tome. Since Rew (1978) suggested tha t i n t e r f e r e n c e w i th proper 
neuromuscular coordinat ion may occur by i n h i b i t i n g the break-
down of e x c i t a t o r y neurotransmit ters by mimicking the ac t i on 
of the e x c i t a t o r y neurotransmit ter which resu l t s in spast ic 
pa ra l y s i s . On the contrary , me t r i f ona t e causes a f l a c c i d 
pa ra l ys i s poss ib ly because the drug mimics the i n h i b i t o r y 
neurotransmit ter , 
IV , Topographical damages due t o anthelmint ics in G, explanatum. 
The worms were incubated in a l l the f o u r drugs under-
study and the topographica l damages induced by these drugs were 
studied by scanning e l e c t ron microscopy. The r e su l t s were 
compared with the untreated incubated con t ro l worms. The 
genera l body sur face of the untreated worms are shown i n 
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P l a t e - i ; F i g . i - 6 . I t i s ev ident that the e n t i r e body 
sur face i s covered with p a p i l l a e and tegumental annulat ions. 
P a p i l l a e are d i s t r i bu t ed in l a r g e numbers at the o ra l and 
accetubular reg ions , with few scat tered p a p i l l a e i n between 
( P l a t e - 1; F ig . 1 ) . The p a p i l l a e around the o ra l sucker 
are arranged c oncen t r i c a l l y and are c l o s e l y packed ( P l a t e - 1 : 
F i g . 2 ) . S im i l a r concentr ic r ings of p a p i l l a e have been 
observed in the ora l area i n o the r rumen amphistome B i l a t o r c h i s 
p a p i l l o q e n i t a l i s (Eduardo, i 980a ) . In o ther trematodes 
Qrthocoelium indonesiense and L e i p e r o c o t y l e okapi . the an t e r i o r 
quar ter o r th i rd o f the body i s p a p i l l a t e (Eduardo, 1980 b , c ) . 
These p a p i l l a e , when present at the o ra l end, could be invo lved 
in contact recept ion during food de t e c t i on o r f e ed ing , those 
found on the general body sur face might func t ion in recording 
pressure changes as the tegument s t re tches (Bennet t , 1975). No 
p a p i l l a e are present around the g e n i t a l opening s i tuated 
an te ro -mid -ven t ra l l y , but i s surrounded by ho r i zon ta l tegumental 
annul a t ions/r idges i n G. ex pi an atum ( P l a t e - 1: F i g , 3 ) . Unl ike 
S* explanatum. domed p a p i l l a e have also been reported in the 
reg ion of the gen i ta l pore of another amphistome C. papi l losum. 
(Bakke, 1976 a ,b ) . Most of the p a p i l l a e at the an t e r i o r o ra l 
end, and few at the acetabular end have poss ib ly p i t s , but the 
p a p i l l a e p i t s of acetabular reg ion are not arranged concen t r i -
c a l l y , S im i l a r l y p i t s have been reported in G. papil losum 
(Tandon and Mai tra , 1982) and Uroqonimus microstomug. (Bakke, 
P l a t e - i : F i gs , i - 6 : G igantocoty le explanatum; scanning 
e l e c t ron micirographs of the untreated cont ro l 
worms, 
i . Ent i re worm ( v e n t r a l v i e w ) . 2 . A n t e r i o r 
r eg ion . Note the c o n c e n t r i c a l l y arranged 
p a p i l l a e around the ora l sucker. Most of the 
pap i l l a e have p i t s . 3, Region around the gono-
pore, 4. Surface p a p i l l a e on the dorsal sur face . 
5, Region showing the vent ra l surface annula-
t i o n s , 6, A s ing l e p a p i l l a e enlarged showing 
minute r idges and furrows ove r i t . 
Abbrev ia t i ons ; Vs, Ventral sucker; Os, ora l sucker; 
Gp, gonopore; Sa, sur face annulations; 
Spp, sur face p a p i l l a e wi th p i t s ; Sp, sur face 
p a p i l l a e . 
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1978), Domed o r club shaped p a p i l l a e , smooth, spined, wi th 
apical c i l i a o r p i t s , commonly occur in trematodes and i t has 
been suggested that they have a sensory func t i on ( S i l k e t a l . , 
1970; M i l l e r 1972; Morr is , 1973; Bennett, 1975; 
Nadakavukaren and No l l en , 1975; Kuntz, e t a l , , 1976; Sakemoto 
and I s h i i , 1977; Bakke, 1978; Bakke and L i en , 1978). However, 
Davies (1979) studied the sur face p a p i l l a e of Microphal ius 
s i m i l i s by scanning as w e l l as transmission e l e c t r on microscopy. 
She suggested secre tory func t i ons f o r some o f these p a p i l l a e as 
she observed numerous u n i c e l l u l a r glands present in the forebody 
o f the adults of M. s i m i l i s . The gland c e l l bod ies l i e beneath 
the tegumental pe r inuc l ea r cytoplasm and ducts pass upwards, 
penetrat ing the tegumental d i s t a l cytoplasm. E lec t ron dense 
granules are secreted on t o the forebody sur face v i a small 
p i t s in the tegument. The glands conta in AChE bes ides d i a s t a s e -
r e s i s t an t neutral mucosubstance, RNA, pro te in and small amounts 
o f acid phosphatase. She ( l o c . c i t . ) a lso suggested that the 
sec re t i on of AChE may produce a " l o c a l anaesthet ic " e f f e c t on 
h o s t ' s t i s s u e by reducing movement in the immediate v i c i n i t y 
o f the f l uke and thereby decreasing the chances o f expulsion 
from the hos t . S imi la r ' * loca l anaesthet ic " e f f e c t s i s a l so 
poss ib l e in G. explanatum in o rder to pro tec t i t s e l f from the 
expulsion from the b i l e duct. P l a t e - 1: F i g . 4, shows the 
presence of tegumental annulations ove r the dorsa l body sur face 
of S. expl an atu^ with f ewe r scat tered p a p i l l a e among which some 
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have p i t s . Higher magn i f i ca t i on r evea l s that these dorsal 
annul at ions have deep r idges and furrows ( P l a t e - i : F i g . 5 ) . 
The smooth pap i l l a e also have f i n e r r i dges and furrows ove r 
t h e i r sur faces ( P l a t e - i : F i g . 6 ) . Such tegumental f o l d s 
have been found i n a l l the d i g ene t i c trematodes s tud ied , and 
probably these r idges and furrows increase the sur face area 
of the amphistomes. This may enable maximum contact of the 
trematodes body sur face t o the host t i s sue and/or the contents 
o f the hab i t a t , s ince Erasmus (1970) pointed out tha t the 
outer cover ing o r the tegument of d i g ene t i c trematodes i s a 
p h y s i o l o g i c a l l y important i n t e r f a c e in the hos t -pa ras i t e 
r e l a t ionsh ip . 
In the present study, almost a l l the drugs understudy 
produce damages t o the body sur face of G. explanatum, but the 
nature and degree o f damages vary in each. 
Mebendazole causes topographica l damage in G. explanatum 
in 3.3 X 10 ^M concentrat ion as shown in P l a t e - 2 ; F i g . 1 -6 . 
At low magn i f i ca t i on , the woini resembles almost t o the untreated 
con t ro l worms, but at h i ghe r r eso lu t i ons , the minor damages 
incurred are revea led . The tegumental annul a t ions o v e r the 
body sur face remain una f f e c t ed , wh i l e the p a p i l l a e are deformed 
and become f l a t t e n e d . Very few s u p e r f i c i a l l e s i o n s are found 
o v e r the body surface poss ib l y due t o the p a r t i a l rupture of 
the p a p i l l ae. At p laces , the tegumental sur faces are a lso 
found t o be peeled o f f . P r ev i ous l y , mebendazole e f f e c t s have 
P l a t e - 2: F i gs , i - 6 : Scanning e l e c t r on micrographs, show-
ing ^ v i t r o e f f e c t of mebendazole on Giqantocoty le 
explanaturn, 
1, P a p i l l a e around the ventra l sucker ( a r rows ) 
una f f e c t ed . 2. Small l e s i ons around gonopore 
( a r rows ) wi th f l a t t e n e d p a p i l l a e . 3, Few 
dorsal sur face pap i l l a e are ruptured ( a r r o w s ) , 
4, The l e s i o n shown in 2 i s enlarged (bo ld 
arrow), also no t i c e the sur face annulations 
(smal l arrows) remain una f f ec ted . 5. P a r t i a l l y 
ruptured surface p a p i l l a e (bo ld arrow). 
6. Note the p a r t i a l l y peeled o f f tegument 
( arrow) . 
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not been i nves t i g a t ed in any pa ras i t e in v i t r o , but i ^ v i v o 
e f f e c t s have been studied by SEM. The t ime - r e l a t ed topogra -
phical changes in mature c y s t i c e r c i of T, taeniaeformis induced 
a f t e r treatment of i n f e c t e d mice with mebendazole (250 ppm in 
f ood ) have been reported by Verheyen et a^. (1978 ) . The changes 
included the gradual disappearance of m ic ro t r i ches and progre-
ss i v e degenerat ion o f the tegument r esu l t ing in an i r r e g u l a r 
surface with grooves, ho les and c r a t e r - l i k e s t ruc tures , 
-5 
E f f e c t s o f fenbendazole (10 M) i s shown in P l a t e - 3: 
F i g . 1 -4 , The damages produced by t h i s drug are more pronounced 
as compared to mebendazole. S u p e r f i c i a l l e s i o n s are foimed 
probably due t o the abrasion of the surface p a p i l l a e . Some 
of the p a p i l l a e are abrated whi le m a j o r i t y of them c o l l a p s e t o 
g i v e a wrinkled appearance t o the sur face at o ra l end. The 
dorsa l sur face becomes smooth as the tegumental r idges and 
furrows disappear . Very few l e s i o n s are found exposing the 
parenchymatous t i s sue o r the subtegumental l a y e r s . 
—5 
E f f e c t of metr ionate ( 19 .4 x 10 M) i s shown in P l a t e - 4: 
F i g . 1 -6 , The p a p i l l a e surrounding the o ra l sucker become 
f l a t t ened and only few p i t s s t i l l remain v i s i b l e . The general 
body sur face becomes smooth. The l a t e r a l sur faces of the 
acetabulum have deep l e s i o n s due to the abrasion of the 
p a p i l l a e . The drug causes a pee l ing e f f e c t o f the tegument 
exposing the subtegumental sur faces . I t appears as i f some 
P l a t e - 3; F i g s , 1 - 4 ; G iqantocoty le ex pi anatum: scanning 
e l e c t r on micrographs showing ^ v i t r o e f f e c t 
of fenbendazole . 
1, Abrasion of the dorsa l sur face pap i l l a e 
( a r r o w s ) . 2, Lesion (bo ld arrow) on dorsal 
sur face exposing the subtegumental l a y e r s (smal l 
arrow) . 3. Abrasion of few pap i l l a e at the 
ora l end (bo ld arrow) , whi le the ma jo r i t y of 
the pap i l l a e are co l lapsed g i v ing wrinkled 
appearance t o the sur face ( a r r ows ) , 4, A deep 
l e s i o n (bo ld arrow) exposing the parenchymatous 
t i s sue (smal l arrows) . 
M-
P l a t e - 4: F igs , i - 6 : Scanning el ect ron mic rographs of 
Gig antocoty l e expl anatum showing i j i v i t r o 
e f f e c t of m e t r i f o n a t e . 
1. Oral end showing f l a t t ened pap i l l a e wi th 
scat tered p i t s . 2 . Smooth body sur face showing 
abrasion of p a p i l l a e (smal l arrows) and the 
pee l ing e f f e c t of the tegument (bo ld arrow) , 
3, Abrasion of p a p i l l a e (arrows) at the l a t e r a l 
sur faces of the acetabulum. 4, The bursted 
p a p i l l a e (bo ld arrow) and the deep furrows 
( a r r ow ) . 5. Pee l ing e f f e c t on the tegumental 
sur face ( a r r ows ) , 6. Deep l e s i o n due t o the 
burst ing of a p a p i l l a e . 
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p a p i l l a e burst out producing deep l e s i o n s . Whi le many p a p i l l a e 
c o l l apse g i v ing a wrinkled appearance t o the body sur face 
forming pronounced r idges and furrows. Such wrinkled appearance 
was also observed in E. granulosus due t o i n v i t r o treatment 
with praz iquante l (Conder et aJ^., 1981). Me t r i f ona te also 
i n h i b i t s AGhE in G . explanatum (d iscussed f u r t h e r ) and a lso 
causes a f l a c c i d p a r a l y s i s . Hence, the abrasion of such 
sensory p a p i l l a e may be the po t en t i a l s i t e o r t a r g e t of me t r i -
fonate act ion in amphistome« 
Oxyclozanide (iO~^M) produces the most pronounced damage 
t o the amphistome understudy. The e f f e c t s produced are shown 
i n P l a t e - 5: F i g . 1 -6 . The e f f e c t i s so pronounced that the 
e n t i r e worm becomes deshaped and a l a r g e number of concentr ic 
wr inkles appear an t e r opos t e r i o r l y . Another drug praz iquante l 
also had s i m i l a r e f f e c t s on the E. granulosus (Conder et a l . , 
1981). The dorsal sur face i s badly damaged forming deep c r a t e r -
l i k e l e s i ons and exposed the parenchymatous t i s s u e and o ther 
in t e rna l organs. The p a p i l l a e almost d isappear from a l l ove r 
the body sur face . Les ions are formed even in the o ra l c a v i t y 
and in the sur face of the inner l i n i n g o f the acetabulum, 
No l l en and Nad akavukaren (1974) reported in Meqalodiscus 
temperatus rad ia l f o l d s o f acetabular tegument, probably 
r e f l e c t i n g the strong rad ia l musculature of the sucker which 
may funct ion i n drawing the rumen wa l l t i s s u e of the host i n t o 
the acetabular c a v i t y and prov id ing a strong hold f o r the 
P l a t e - 5 : F igs , i - 6 : G iqantocoty le explanatum; scanning 
e l ec t ron micrographs showing v i t r o e f f e c t 
of oxyc lozan ide . 
1. V, ventra l v iew, showing concentr ic wr ink les 
over the body sur face ; D, dorsal v iew, showing 
uneven sur face wi th l e s i o n s . Note the deshaped 
body, 2. Les ions (bo ld arrow) in the acetabulum, 
3. Arrow showing the deep l e s i on on the dorsa l 
sur face exposing the parenchymatous t i s s u e , 
4, Les ion in the o ra l cav i t y (bo ld arrow) and 
few p a p i l l a e ( smal l arrows) , 5, Lesion in the 
acetabulum f u r t h e r magni f i ed , showing the 
peel ing e f f e c t on the tegumental sur face 
( a r r ows ) . 6, Les ion on dorsal sur face magni-
f i e d (bo ld arrow), showing the in t e rna l exposed 
organs ( a r r o w ) . 
1 5 K U X 2 6 QUBE|15KU X240 25 15 
fx-
5KU x i e e e 25 1 6 l e . e u QUBEH15KU X2400 
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paras i t e . In Q,, explanatum. c i r c u l a r f o l d s of acetabular 
tegument are also damaged by oxyc lozanide causing l e s i o n s . 
Hence the quick detachment of worms from host t i s s u e ( a s 
discussed e a r l i e r ) i s qu i t e obvious. 
The damages caused by the f our anthelmint ics understudy 
are qu i t e prominent, although the degree o f a l t e r a t i o n s 
produced on the tegumental sur faces , vary in each. The drugs 
understudy, have not been inves t i ga t ed s u f f i c i e n t l y , f o r the 
topographical damages in helminths, however, o ther anthelmint ics 
have been inves t i ga t ed in a number of helminths, mainly 
Schistosoma sp. I t has been reported that praz iquante l 
( i O ^M) cont rac ts the musculature (Pax et a l , , 1978) and causes 
a c h a r a c t e r i s t i c d i s rup t i on o f the tegument of S, mansoni 
both i n in v i t r o and in v i v o (Becker et a l . , i980a; Mehlhom 
et a l . , 1981), of S, japonicum in v i v o (Yuanquing ^ a l , . 
1979) and of o ther helminths (Becker et al_., 1980b; Becker 
et a l . , 1981; Conder et a l , , 1981), Under in v i v o condi t ions 
amoscanate causes tegumental swe l l ing w i th in 3 hours in 
mansoni (Voge and Bueding, 1980), Kohn et a l , (1982) 
reported ^ v i vo e f f e c t s o f oxamniquine, on the tegument of 
male S, mansoni and found " bubb l e - l i k e " l e s i o n s , the tuberc l es 
defoimed and co l lapsed and disrupted sensory bulbs were observed, 
Simultaneous swe l l ing of the tegumental sur face and reduct ion 
in the s i z e and number of the sur face p i t s and channels as 
we l l as in the number of tegumentary bosses and spines in the 
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bubble reg ion were also no t i ced . Recent ly , B r i cke r et a l , 
(1983) t rea ted S. mansoni with a number of compounds including 
praz iquante l , Ro 11-2128, cy tocha las in B, A-23187, amoscanate, 
o l t i p r a z e t c . under i j i v i t r o condi t ion and observed i r r e g u l a r l y 
shaped porous fragments, i r r e v e r s i b l e tegumental d i s rup t i on , 
and f i n a l l y they concluded tha t these drugs causing tegumental 
d i s rupt ion at d i f f e r e n t reg ions, and have the a b i l i t y to 
2+ 
i n t e r f e r e with Ca dependent events . Mehlhom et (1983) 
i n ves t i ga t ed the e f f e c t s of praz iquante l on human trematodes 
s inens is . M. yokoqawai. 0 . v i v e r r i n i . P . westermani and 
S. .1 aponicum and reported that a l l f lukes exposed t o the drug 
contracted and showed tegumental a l t e r a t i o n s l i k e formation of 
l e s i o n s , abrasion of p a p i l l a e and smoothening of the sur face . 
(1978) showed in S. mansoni that praz iquante l 
decreased the i n f l u x of k"*", but st imulated the i n f l u x of Na"*" 
and Ca , They then suggested that the spast ic pa ra l ys i s in 
the m o t i l i t y of the worm may be r e la t ed to d e p o l a r i z a t i o n of 
the c e l l s , and be e l i c i t e d through i n h i b i t i n g Na" ,^ k"*" -ATPase 
l i k e funct ions of the worm. Coles (1979) also suggested in 
S. mansoni that praz iquante l opens pores in the membrane 
and permits a rapid i n f l u x of Ca^"^, e i t h e r d i r e c t l y o r 
i n d i r e c t l y through an e f f e c t on the i n f l u x of Na"^. The 
formation of l e s i o n s i n the present study, may a lso have the 
s im i l a r e f f e c t s on the i on i c f l u x in the amphistome which 
u l t imate l y produces changes i n t h e i r m o t i l i t y ^ v i t r o . 
However, i t i s not poss ib l e to s t a t e p r e c i s e l y how these 
drugs understudy cause tegumental d i s rup t i on in G, ex pi ana turn. 
Since these drugs may probably have many d i f f e r e n t mode of 
act ions, i t can be assumed tha t tegumental damage i s only 
a common f i n a l man i f es ta t i on of var ied i n i t i a l i n j u r i e s 
caused by these drugs. Further i n v e s t i g a t i o n s may u l t imate l y 
c l a r i f y these r e l a t i onsh ips . However, the observed drug 
e f f e c t s in G, explanatum. c l e a r l y lead t o the conclusion that 
the sur face p a p i l l a e are a c i u c i a l e n t i t y of t h e i r teguments 
and are a d e f i n i t e s i t e f o r the act ion o f var ious anthelmint ics . 
Disrupt ion of these p a p i l l a e due to drugs are manifested in 
the form of var ious metabol ic d i so rders in the amphistome. 
The nature and degree of damages induced by these drugs 
d i f f e r poss ib ly because of d i f f e r e n c e s i n t h e i r mode of 
act ions . 
V. E f f e c t of anthelmint ics on g lucose uptake. 
The r e su l t s obtained in t h i s experiment show that 
mebendazole, fenbendazole and me t r i f ona t e i n h i b i t the g lucose 
uptake in G, expl anatum and S. q lob ipunctata during v i t r o 
incubat ion. Increase in drug concentra t ion produces a 
s i g n i f i c a n t change i n the ra te of g lucose uptake which i s 
proport ional to the t ime of incubation i n both helminths. 
E f f e c t of mebendazole on g lucose uptake i s summarized 
in Table 3 and 4. Mebendazole induces a h i gher l e v e l of 
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i n h i b i t i o n i n S. q lobipunctata ( Tab l e 4 ) as compared t o 
explanatum (Tab l e 3 ) , In 9 h of incubat ion, 3.3 x iO^^M 
mebendazole i n h i b i t s 55.8 and 74.5% of g lucose uptake in 
G. expl anatum and S. q lob ipunctata r e s p e c t i v e l y . The double 
concentrat ion of mebendazole ( 6 . 7 x iO""^M) increases the 
i n h i b i t i o n l e v e l s in both the pa ras i t e s understudy. Such 
i n h i b i t o r y e f f e c t of g lucose uptake by mebendazole has also 
been reported from o ther species of helminths; A. suum, 
Svphacia muris. T. s p i r a l i s . S. mansoni. Synqamus trachea. 
I.* s p i r a l i s l a r v a e and T. t a en i ae f o im i s both ijn v i t r o as 
we l l as under in v i v o condi t ion (Van den Bossche, 1976). 
In v i t r o i n h i b i t i o n of g lucose uptake by 3.3 x and 
6.7 X mebendazole has a lso been observed in A. lahorea 
(Ahmad, 1981) . 
Another benz imidazo le compound fenbendazole i n concen-
t r a t i o n o f 10" and 10 have s i m i l a r i n h i b i t o r y e f f e c t as 
in mebendazole on g lucose uptake of G. expl anatum (Tab le 5 ) 
and S. q lob ipunctata ( Tab l e 6 ) . Fenbendazole i s comparat ively 
l e s s e f f e c t i v e than mebendazole, because 10 ^M fenbendazole 
i n h i b i t s 49.6 and 59.8% glucose uptake in G. expl anatum and 
S. q lob ipunctata r e s p e c t i v e l y in 9 h of incubat ion . Such 
i n h i b i t o r y e f f e c t of g lucose uptake by fenbendazole have 
also been reported in A, suum and H. diminuta (Duwel l , 1976 
and McCraken and Tay lo r , 1978). 
121) 
B 
-P 
CO 
C 
ro 
r-f a X 
a» 
o l 
4-1 
O 
<U 
10 
•s. 
D 
CP 
w 
O 
0 
D 
r-t 
01 
<3> SZ -p 
c 
o 
(U 
o N <13 
TS 
C CD 
0 M-i 
O 0) <+-1 
<D 
s 
4-> 
in 
O 
I—I 
03 
H 
<U 
-id m •p 
a 
D 
dj U) 
o o 
CP 
o 
c 
o 
•H P •H 
•H 
jr c M 
« 
* 
m I o 
I 
P £ CD •H CU 
0) 
cn \ 
cn 
6 
C •H 
<D (/) O o D 
rH cn 
M-i 
o 
0) 
ro 
D 
o 
c 
o 
•H 
-p 
Oj 
fH 
(I) O 
C 
O 
o 
cn s A 
m 
Q 
I 
o 
-p 
c 
o 
o 
c o .rHT3 w P> O ra -H D 
XI ^ O O (DX O c M 
r-
ON 
CM 
IT) 
03 
ON eg 
CM ^ C\1 -H « • 
fO +1 
iT) t^  CNJ 'H 
o r--• • 
C^J H 
+1 
h- OJ V£» CO 
ifi CO • • 
iD +1 
00 
CO 
o CO 
osi CO vO 
4I 
CM 
CO O NO • • 
CO CO. 
I 
ON ON 
r^  -{ 
(JO iT) • • 
On CM, NO +1 
NO 
MO • 
ON 
St-
CO 
CM 
o ON CO CO lO 
in 00* 
^ +1 
CNI LO CNJ in 
NO O • * 
CM, in +1 
in CO <=t Q 
CNl V • « 
o t . C3N +1 
ON 
• 
U) 
0) 
-p 03 
o 
•H 
rH 
« a 
CU 
E f-i 
O Q) 
H > 
•H 
II 
C 4-1 
o O 
•H 
P CD TO cn 
M 03 
•P U 
c D) CU > 
o c 
o 0) 
o ro 
U) TF) 
o 0) 
o 
D 
rH 
CD > 
* 
0) 
^ fO 
-P Q. 
D m 1 0 o W -1 
• o fO o 
4-> D fO 
CT> 
o c M-i 
D O Q 
•H c o \o O •H 1 rH o a •H 
X> 
• •H tol x: c M O 
Q) 
(D * 
* a 
D 03 J) (U +1 CO 
o •p o D CT> c 
rH •H o OI 0) •H •P QJ fO 
x: 4-> U 
-p Q> 3 c c (1) o cn o c <u o 
-H 6 o O 
N C fO •H p n c * Q 0) 0) 0) 
C o 0) o 4-H D 
^ m cr> 
o m 
4-' o •H o P 0) CD l+H ^ •P 4-1 fO c o -P o a o 
2 D 
-p •H 
> 
SI c o 
• « •H -o W VO •p o f-i fO •r) D 0) s> M O rH D <D X 
o c H M 
lO 
I 
o -H 
\0 
O 
If) • 
vO CO 
ON si-v£) EN 0) If) 
cn 
CnJ 
CO 
m CM 
VO -H 
vD ON 
O t--
00 • 
0^  ID 
ON 
\o 
00 "vf 
O CM 
<N H CM H vO CO 
t^  to NO 00 
^ r-
ON 00 
^ +1 
H ON 
<N 00 rt IT) * * 
-leg 
WD +1 
lO 00 r^  CO 00 in •H C3N m 00 CO 00 -H •H NO CNl 
• • • • • • 
NO O O in +1 ^ +1 -1 +1 
ON 
121) 
• 0) 
<u 
-p fD 
O •H 
rH 
• a 
e 
CD 
fH 
s 
<D 
> 
•H 
II 4-t 
c 
o O •H 
-P <D '0 cr> fO 
IH 
c 0) 0) > 
o c o <u 
o U 03 <u w W 
o 0) 
o D D rH 
rH ro O > 
* 
121) 
The present f i nd ings are in accordance wi th the 
assumption tha t g lucose absorpt ion takes p lace by means of 
an a c t i v e t ransport mechanism as has been reported by a number 
of workers i n helminth paras i t es ( P h i f e r , i960 a , b , c ; Pappas 
a l . , 1974; S t a r l i ng , 1975; Pappas and Read, 1975; Uglem, 
1976; McCraken and Tay l o r , 1983). The r e su l t s presented here 
c l e a r l y i n d i c a t e that the capac i ty of G. explanatum and 
S. q lob ipunctata to a c t i v e l y t ransport and metabo l i ze glucose 
was i nh ib i t ed by mebendazole and fenbendazole . I t i s l i k e l y 
that t h i s i n h i b i t i o n i s not a d i r e c t e f f e c t of the benz imi-
dazo l es , but i t could be due t o some more basic metabol ic 
d e f e c t s caused by the drugs. As i t has been shown that 
fenbendazole i n h i b i t s the enzyme fumarate reductase (FR) in 
ii* contorbus (Pr ichard a^, , 1978) . The i n h i b i t i o n of FR i s 
e s p e c i a l l y important because fumarate i s the f i n a l e l e c t ron 
acceptor i n the metabolism of a number of pa ra s i t i c helminths 
( F i o r a v a n t i and Saz, 1980). I n h i b i t i o n of t h i s enzyme system 
not only prevents succinate format ion, but also prevents the 
production of A^ TP and the regenerat ion o f NAJD as w e l l as 
i n t e r f e r i n g with terminal e l e c t r on transport ( P r i cha rd , 
1970, 1973; Malkin and Camacho, 1972), I t i s poss ib l e tha t 
fenbendazole and mebendazole l i k e cambendazole, i n h i b i t the 
a c t i v e t ransport of g lucose by i n t e r f e r i n g with ATP generat ion 
(Rahman and Bryant, 1977; Rahman et a l . , 1977; Behm and Bryant, 
1979). This could also be poss ib l e , f o r the i n h i b i t o r y e f f e c t 
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of fenbendazole on in v i t r o g lucose absorption in A, suum 
(Duwel, 1977). 
Whatever may be the mechanisms involved in the g lucose 
uptake i n h i b i t i o n in the pa ras i t e s understudy due t o the 
anthe lmint ics , u l t ima te l y such i n h i b i t i o n a f f e c t s the energy 
synthesis in the paras i t e s , which r esu l t s in to t h e i r death 
and/or reduces t h e i r m o t i l i t y . 
Metri . fonate also has a prunounced i nh ib i t o r y e f f e c t 
on the g lucose uptake of the helminths understudy. M e t r i -
fonate i n concentrat ions ( 9 7 . 1 x 10"^ and 19.4 x 10"^M) 
i n h i b i t s g lucose uptake at a h igher l e v e l in G. ex pi an at um 
( Tab l e 7) as compared t o S. q lobipunct at a (Tab le 8 ) . From 
the present r e su l t s , i t i s i n t e r e s t i n g t o note that m e t r i f o -
—6 
nate ( 97 .1 x 10"" M) Causes the maximum i n h i b i t i o n in 
g lucose uptake in the f i r s t 3 hours of incubat ion, i . e . , 
55,9/0 in G. ,ex pi an a turn and 3 2 , i n S. qlobipunct at a. But in 
the second 3 hours incubat ion, the percent i n h i b i t i o n decreases 
and f i n a l l y in the th i rd 3 hour incubat ion the percent i n h i b i -
t i o n in g lucose uptake f u r t h e r decreases t o 31.1^ and 30,4^ in 
G, ex pi anatum and S. q lobipunct at a r e s p e c t i v e l y . Higher 
concentrat ion of me t r i f ona te ( 19 .4 x 10"^m} has a h igher 
degree of i n h i b i t i o n but the pat tern i s same as i n the 
former concentrat ion (Tab le 9 ) . I t appears as i f the drug 
i s most e f f e c t i v e in the f i r s t 3 hours of incubation and 
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a f t e r that the woim probably s t a r t s recover ing i t s capac i t y 
to absorb the g lucose from the medium although very s lowly 
and g radua l l y . The poss ib l e reason f o r t h i s gradual recovery 
i n g lucose uptake a f t e r the f i r s t 3 hours of incubat ion i s 
probably because the me t r i f ona t e i s unable to induce d e t e r i o -
ra t ion in the cytoplasmic microtubular apparatus of the 
tegument as reported f o r the benzimidazole compounds (Borgers 
et a l . , 1975; Borgers and de N o l l i n , 1975; Van den Bossche, 
1976; Verheyen ^ j i , . , 1976). Since the e f f e c t of me t r i f ona t e 
i n G. explanatum. as ev ident by our SEM r e su l t s , i s more or 
l e s s s u p e r f i c i a l , poss ib ly the diug i s unable t o induce d isrup-
t i on i n t h e i r tegumental microtubular system. The pa ras i t e 
g radua l l y s t a r t s recover ing i t ' s uptake process a f t e r the 
f i r s t 3 hours of incubat ion. M e t r i f o n a t e , being an organof 
phosphate, i s known t o i n h i b i t AGhE in helminths (Bueding 
^ 1972; Reiner et , 1978 and 1979). As ev ident by 
our present h is toenzymolog ica l f i n d i n g s , as w e l l as from the 
previous repor ts , AGhE i s a lso present i n the non-nervous 
t i s sues of the helminths l i l ce the tegument. The enzyme AGhE 
from non-nervous t i s sues play an important r o l e in the per -
meab i l i t y as reported from the hydatid cys t wal l (Schwabe 
et a l . . 1961). In the present study the AGhE in G, explanatum 
and S. q l obi punctata occur i n isozyme forms and that me t r i -
f ona te i n h i b i t s only some of them. Hence i t i s poss ib l e that 
the isozymes which are i nh ib i t ed by me t r i f ona te are respon-
s i b l e f o r the transmembrane s i s and t h e r e f o r e isozyme i n h i b i t i o n 
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causes i n h i b i t o r y e f f e c t in g lucose uptake of the helminths 
understudy. 
I t appears from the r e su l t s summarized in Table 9 that 
among the two benzimidazole compounds, mebendazole i s more 
e f f e c t i v e than fenbendazole and i n h i b i t s g lucose uptake at 
a g r e a t e r degree in S, q lob ipunctata as compared t o 
explanatum. This may probably be due t o the f a c t , that 
benz imidazo le are more d i s r u p t i v e i n b locking the microtubular 
apparatus f o r the uptake in cestodes than in trematodes. The 
poss ib l e reason f o r such d i f f e r e n c e i s because the g lucose 
i s taken up by the cestodes v ia tegument by a c t i v e mediated 
t ransport which i s sodium-dependent and potassium and p h l o r i -
d z i n - s e n s i t i v e , whi le i n trematodes the tegumental and caecal 
uptake o f g lucose i s accomplished by pass ive mediated t rans~ 
port with sodium and p h l o r i d z i n - s e n s i t i v e ( F , g i gan t i c a) as 
we l l as ph lo r id z in i n s e n s i t i v e ( F . hepat ic a) ( f o r d e t a i l s see 
B a r r e t t , 1981), Such a d i f f e r e n c e i n the g lucose uptake 
in trematode and cestode may be a t t r i bu ted to the nature of-
the teguments which are r e f l e c t e d in the d i f f e r e n t i a l ac t i on 
of benzimidazole compounds and me t r i f ona t e , on the i n h i b i t i o n 
of the g lucose uptake. As f o r the e f f e c t of me t r i f ona t e , the 
diug i s more e f f e c t i v e in G. expl anatum than in S, q lobipunct ata . 
I t i s more l i k e l y that the p a p i l l a e in G, expl anatum are more 
suscept ib le t o t h i s organophosphate than the mic ro t r i ches in 
q lobipunct at a, f o r which f u r t h e r s tudies are requ i red . 
121) 
VI. E f f e c t of mebendazole on the uptake of t r i t i a t e d g lucose 
in G. explanaturn. 
In order t o ascer ta in the r o l e of amphistome tegument 
in g lucose uptake, the rad i o l abe l l ed g lucose was used. The 
r e su l t s of the e f f e c t of 3.3 x mebendazole on the uptake 
3 
of H-glucose are shown in P l a t e - 6. I t i s observed that 
the l a b e l l e d g lucose i s absorbed through the tegumental 
sur face , as the gra ins are v i s i b l e at the sur face l a y e r s o f 
the tegument and subtegument reg ions , when the worms were 
exposed t o 30 min pulse ( P l a t e 6: F i g . l ) . A f t e r 60 min, of 
pulse, a c t i v i t y i s a lso found below subtegumental l a y e r in the 
parenchymatous t i ssues ( P l a t e 6: F ig . 3 ) . S i m i l a r uptake of 
l a b e l l e d glucose mainly or e xc lus i v e l y through the tegumental 
sur face has also been reported in severa l spec ies of trematodes 
l i k e F. hepatic a (Mansour, 1959), S. mansoni ( F r i pp , 1967), 
P* meqalurus (No l l en , 1968), H, medioplexus (Parkening and 
Johnson, 1969). Further, Hanna (1976) reported the glycogen 
synthesis from the l a b e l l e d g lucose absorbed ^ v i t r o by 
F. hepat ica . In G. explanatum, t r i t i a t e d g lucose i s taken up 
through the tegumental sur face of the inner l i n i n g of the 
acetabulum because h igher a c t i v i t y i s seen i n the tegument 
and subtegumental reg ions of acetabulum ( P l a t e 6: F ig . 5 ) . 
This suggests that poss ib l y the acetabulum sur face i s a l so 
an ac t i v e surface which forms an important i n t e r f a c e between 
P l a t e - 6: F i gs . i - 6 j Auto radiograms of JB4 res in sect ions 
Giqantocoty le expi anaturn showing ^ v i t ro 
e f f e c t s of mebendazole (3.3xiO~^M), on the uptake 
of t r i t i a t e d g lucose through tegument. X 1,000. 
F i gs . 1 ,3 ,5 , are contro l auto radiograms of worms, 
3 
incubated wi th H-glucose and in absence of mebendazole. 
Note that in 30 min pulse, the g ra ins occur i n the 
tegument ( T g ) and sub-tegument (STg) regions of the 
body sur face ( F i g . i ) and also in the inner l i n i n g 
of the acetabular tegument (ATg ) in acetabulum 
( F i g . 5 ) . In 60 min pulse , the gra ins are also 
v i s i b l e in the parenchymatous t i s s u e s ( P a ) below 
the Stg reg ions ( F i g . 3 ) . 
F i gs . 2 , 4 , 6 , are t reated autoradiograms of worms, 
3 
incubated with H-glucose and mebendazole. Note that 
3 
mebendazole causes accumulation of H-glucose in the 
Tg ( F i g . 2 ) and Atg ( F i g . 4 ) r eg ions , shown by bold 
arrows, a f t e r 60 min pulse. Very few grains are 
v i s i b l e in the STg reg ions. Further, no t i ce the 
formation of l a r g e vacuoles (smal l arrow) due t o 
mebendazole i n the Ig l a y e r s ( F i g . 6 ) . 
f " 
" ®6f ' . w J • ' f w * 
I l l 
the host t i s sue and pa ras i t e , and plays an important r o l e in 
the hos t -pa ras i t e r e l a t i o n s h i p . 
Mebendazole i n h i b i t s the uptake of t r i t i a t e d g lucose 
from the body sur face as w e l l as from the inner l i n i n g of 
the acetabulum ( P l a t e 6: F i g s , 2 and. 4 r e s p e c t i v e l y ) . B lock-
ing o f l a b e l l e d g lucose i s observed on the tegumental surface, 
as the g lucose i s unable t o move across the tegument. Rich 
3 
a c t i v i t y o f H-glucose i s found in aggregated lumps over the 
general tegumental sur face of the t r ea t ed worms and fewer 
gra ins are found in the subtegumental and paranchymatous 
reg ions ( P l a t e 6: F i g . 2 and 4 ) in 60 min pulse with meben-
dazo l e . Large vacuoles are also seen in the tegumental 
reg ion in the drug t r ea ted worms ( P l a t e 6: F i g . 6 ) . Probably 
these vacuoles burst and foim l e s i o n s on the tegumental 
sur face as observed in the topographica l studies as discussed 
e a r l i e r . 
The tegument of adult d i g ene t i c trematodes i s syncyt ia l 
cons i s t ing of a sur face l a y e r connected by cytoplasmic processes 
t o nucleated mass in the parenchyma (Bjorkman and Tho r s e l l , 
1964; Burton, 1964; B i l s and Mart in, 1966; Lee, 1966; Smyth, 
1966; Erasmus, 1967; Bogi tsh and A l d r i d g e , 1967; Threadgold, 
1967, 1968, 1984; Morr is and Threadgold, 1968; Smyth and 
Hal ton, 1983), U l t r a s t r u c t u r a l l y i t has also been demonstrated 
that mebendazole d i s rup ts the microtubule apparatus of the 
121) 
teguiiients in helminths. Hence, as observed in the present 
r e su l t s , i t i s poss ib l e tha t mebendazole produces such micro-
morphological changes in the cytoplasmic processes and micro-
tubular apparatus, due t o which, the t r i t i a t e d g lucose i s 
unable to move beyond the tegumental l a y e r s and thus accumu-
l a t e s as shown i n ( P l a t e 6: F i g . 2, 4 and 6 ) . S im i l a r 
b locking e f f e c t of mebendazole has a lso been reported from 
o ther trematodes and cestodes (Van den Bossche, 1980). Such 
i n h i b i t i o n in the uptake of t r i t i a t e d arg inine due t o d i n i t r o -
phenol (DNP) and i odoace ta te has been reported in H. medioplexus 
(Pappas, 1971). 
The present autoradiographic study revea ls and 
conf i rms that in G. explanatum bes ides i n t e s t i n a l caecae the 
tegument also plays an important r o l e in the uptake of g lucose . 
Mebendazole i n h i b i t s the g lucose uptake in t h i s pa ras i t e 
poss ib ly by causing a d i s rup t i v e e f f e c t t o t h e i r microtubular 
system and cytoplasmic processes in the tegument and i n h i b i t s 
the transmembranosis. 
V I I . E f f e c t of anthelmint ics on the endogenous g lycogen . 
Results of the e f f e c t of mebendazole and fenbendazole 
on the endogenous glycogen content o f G. expl anatum and 
S. q l obi punctata are summarized in Tables 10-13. The r e su l t s 
o f the present i n v e s t i g a t i o n i n d i c a t e that i f g lucose i s 
omitted from the incubation medium, then the ra t e of g lycogen 
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d e p l e t i o n in 3, 6 and 9 hours of incubat ion are s i m i l a r , 
i r r e s p e c t i v e to the presence of mebendazole i n the medium, 
but fenbendazole causes a s l i g h t d ep l e t i on i n g lycogen contents 
o f the woims, even i f g lucose i s omitted from the medium. 
Whereas i f g lucose i s present i n the incubat ion medium, then 
the re i s a marked d e p l e t i o n i n the g lycogen content of 
G» ex pi ana turn and S, q l o b i punctata due t o these benzimid azo le 
compounds. The ra t e o f g lycogen d e p l e t i o n in both helminths 
i s propor t i ona l t o t h e incubat ion per iod and diug concentra-
t i o n , With the inc r ease of incubat ion time and drug concen-
t r a t i o n , the ra t e o f g l ycogen d e p l e t i o n a lso i n c r ea s e s . 
The present r e s u l t s on mebendazole are compat ib le 
wi th the f i n d i n g s of Van den Bossche and de N o l l i n (1973) and 
Ahmad (1981) on A, suum and A. lahorea r e s p e c t i v e l y . The 
g lucose uptake s tud ies a lso show that benz imidazo les have a 
p2X>nounced i n h i b i t o r y e f f e c t on the g lucose uptake as d iscussed 
e a r l i e r . Any i n h i b i t o r y e f f e c t on the carbohydrate absorpt ion 
by the helminths which l i v e in environments o f low oxygen 
t ens i on , i s d i sas t rous , s ince they depend f o r t h e i r energy 
supply almost e n t i r e l y on the carbohydrate catabo l i sm (Saz , 
1970). Van den Bossche (1972) proposed a hypothes is that 
mebendazole induced g lycogen d e p l e t i o n i s secondary to such 
i n h i b i t o r y e f f e c t of t h i s drug on g lucose uptake. Further , 
Van den Bossche and de N o l l i n (1973) reported tha t t h e above 
mentioned e f f e c t s might be invo lved in the mechanism of the 
121) 
act ion of t h i s drug. McCraken and Tay l o r (1983) reported that 
in v i v o treatment wi th fenbendazole leads t o a rapid dep l e t i on 
of g lycogen reserves and the capac i ty of H. diminuta to 
a c t i v e l y - t ransport and metabo l i ze g lucose i s a lso i n h i b i t e d . 
I t i s more l i k e l y tha t fenbendazole being a member of benz i -
midazole group, have also the s i m i l a r mode o f ac t ion l i k e 
that of mebendazole. 
The o v e r a l l e f f e c t o f mebendazole and fenbendazole on 
the g lycogen l e v e l s of the woims understudy, in 9 hours of 
incubat ion, are summarized in Table - 16, Mebendazole in 
3 ,3 X 10"^ivi concentrat ion causes 35.9% glycogen d e p l e t i o n 
i n G. explanatum as compared to 20,2% in S. g l ob ipuncta ta . 
Fenbendazole in 10 ^M concentrat ion causes 42,S% d ep l e t i on 
i n g lycogen in G, expl anatum and 34,5% in S, g lobipunct ata. 
Higher concentrat ion o f benzimidazole compounds cause h igher 
g lycogen dep l e t i on ( Tab l e - 16) , Hence i t appears that benz i -
midazole compounds are as much e f f e c t i v e in G, explanatum 
as reported in o ther cestodes and nematodes (Van den Bossche, 
1976), causing dep l e t i on in g lycogen content . I t i s ev ident 
from the r e su l t s of the present study that benzimid azo le 
compounds are more e f f e c t i v e in G, explanatum as compared t o 
S, g lobipunct ata, 
Me t r i f ona t e on the o ther hand causes s t a t i s t i c a l l y 
i n s i g n i f i c a n t change in the g lycogen l e v e l of G, explanatum 
121) 
( T a b l e - 14 ) , whi le in S. q lob ipunctata the drug produces a 
s i g n i f i c a n t increase i n the g lycogen content ( Tab l e - 15 ) . 
In S, q lobipunctata . me t r i f ona t e in 97.1 x 10~^m and 
_5 
19.4 X 10 M concentrat ions causes an increase in glygocen 
content by 10.5% and 20% r e s p e c t i v e l y ( Tab l e 16 ) . 
In the present study, me t r i f ona t e i s found t o i n h i b i t 
AChE l e v e l s and glucose uptake in the helminths understudy. 
A l so the m o t i l i t y experiments r e vea l , that me t r i f ona t e 
causes para l ys i s in G. explanatum and t h e r e f o r e the requirement 
o f energy poss ib ly also decreases because of i t s low metabol ic 
a c t i v i t i e s and reduced m o t i l i t y . Hence, the g lycogen l e v e l 
remains almost unchanged in G. expl anatum due t o me t r i f ona t e 
(Tab l e - 16 ) . 
In S. q lob ipunctata . me t r i f ona t e i n h i b i t s AChE a c t i v i t y 
and g lucose uptake as w e l l , but at the same t ime, the drug 
causes a s i g n i f i c a n t increase in the g lycogen l e v e l of the 
pa ras i t e . Such unexpected increase in the l e v e l o f endogenous 
g lycogen content in S. q lob ipunctata can not be exp la ined; 
however, f u r t h e r studies are required on the associated 
metabol ic pathways in o rde r to exp la in the reason of such 
increase in glycogen due t o me t r i f ona t e . I n t e r e s t i n g l y , 
McCraken and Tay l o r (1983) reported that fenbendazole causes 
i 
a decrease in glycogen l e v e l and ^multaneously an increase 
in pro te in content in H. diminuta. However, the increased 
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l e v e l of g lycogen due t o me t r i f ona t e i n S, q lob ipunctata , 
could be a r e f l e c t i o n of some other changes in the metabolism 
o f the pa ras i t e , which requires f u r t h e r s tud ies , 
V I I I . E f f e c t of me t r i f ona t e on AChE s e c r e t i on . 
The r e su l t s on i j i v i t r o sec re t i on o f AChE by 
G* ex pi an a turn and S. q lobipunctata in presence and absence 
of g lucose and me t r i f ona t e are summarized in F i g , 11 and 12 
r e s p e c t i v e l y . I f g lucose i s omitted from the incubating 
medium than the ra t e of AChE sec re t i on i s much h igher than 
in presence of g lucose . Further, AChE sec r e t i on i s d i r e c t l y 
proport ional t o the incubat ion t ime, Me t r i f ona t e has an 
i n h i b i t o r y e f f e c t on the in v i t r o s e c r e t i on of AChE. Any 
increase in drug concentrat ion resul ted i n t o an increase 
in percent i n h i b i t i o n of AChE sec re t i on in both pa ras i t e s . 
The l e v e l s of AChE sec re t i on in S. q lobipunctata are compara-
t i v e l y h igher than i n G. explanatum, but me t r i f ona t e i n h i b i t s 
the AChE sec re t i on in the l a t t e r at a h i gher l e v e l as compared 
to the f o imer . In t o t a l 9 hours of incubat ion, me t r i f ona t e 
( 19 ,4 X 1 0 i n h i b i t s 63,1 and 56.1^ of AChE sec re t i on in 
G, expl anatum and S, q lobipunctata r e s p e c t i v e l y ( Tab l e - 17 ) , 
Occurrence o f AChE in trematodes and cestodes has been 
establ ished both h is tochemica l l y as we l l as b iochemica l ly 
(von Brand, 1973, 1979), but f ewer s tudies have been made 
F ig . i i : In v i t r o e f f e c t of me t r i f ona t e on ace t y l cho l ines -
t e r a s e secre t i on by G iqantoco ty l e explanatum in 
presence and absence of g lucose (10 mM). 
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on the i j i v i t r o or in v i v o s ec r e t i on of AChE in helminths. 
Nizami et a l , (1977) reported in v i t r o sec re t i on of AChE o 
in seven spec ies of d i gene t i c trematodes v i z ; Fasc i o l ops i s 
buski , E, malayanum. G, hominis, G. crumeni fer . S. i nd i c a . 
explanatam and Isoparorch is hypse lobaqr i . and they concluded 
that the enzyme i s present in remarkably high quan t i t i e s in 
spec ies which inhabi t g a s t r o i n t e s t i n a l t r a c t compared wi th 
those p a r a s i t i z e l i v e r and swimbladder. Recently ^ v i t r o 
sec re t i on of AChE has also been reported in a cestode 
M. expansa (Gunn and P i obe r t , 1983) and from nematodes ( L e e , 
1970; Sanderson and O g i l v i e , 1971; Sanderson, 1972; O g i l v i e 
^ i L * » -L973; Rothwell e t , 1973; Bremner et , 1973). 
Secre t ion o f AChE in to the hab i ta t by a pa ras i t e may 
act as a kind of a "biochemical h o l d f a s t " by i n t e r f e r i n g 
with l o c a l p e r i s t a l s i s ( Lee , 1970; O g i l v i e and Jones, 1971). 
Further Nizami et (1977) suggested that d i f f e r e n t spec ies 
of helminths l i v i n g in d i f f e r e n t hab i t a t s would sec re te 
d i f f e r e n t quant i t i e s of AChE, s ince not a l l hab i ta ts in an 
animal have a p e r i s t a l t i c mechanism which may cause expul-
sion o f the pa ras i t e . The r e su l t s c l e a r l y show that 
S. q lob ipunctata ( f rom i n t e s t i n e ) s e c r e t e AChE at a h i ghe r 
l e v e l than G. explanatum ( f rom l i v e r ) . This may probably be 
due t o the f a c t that i n t e s t i n e i s such a b io tope where constant 
p e r i s t a l t i c movement takes place and the paras i t e i s i n ^ 
121) 
constant danger of being expe l l ed out. Consequently i n t r a -
i n t e s t i n a l worms sec re t e h igher l e v e l of AChE than the ex t ra -
i n t e s t i n a l worm. Higher l e v e l o f AChE secre t i on i s a quest 
by which the worm t r i e s t o reduce the movement of the i n t e s t i n e 
though only l o c a l l y as suggested by Nizami ^ (1977 ) . 
I f the in v i t r o sec re t i on o f AChE was due t o s t ress o f the 
incubat ion, then both spec ies would have secreted more or 
l e s s equal l e v e l s of enzyme. But d i f f e r e n t i a l ra tes of AChE 
secre t i on in the present study i s an i nd i ca t i on that poss ib ly 
such sec re t i on of enzyme also occurs in s i t u . However, under 
s t r e ss ( s a l i n e without g lucose ) the helminths understudy 
sec re t e AChE at a h igher l e v e l . This may be poss ib ly a 
biochemical adaptation t o counteract the adverse cond i t i ons 
and t o maintain an equi l ibr ium in the surrounding in v i t r o 
cond i t i on . In the case o f many nematode i n f e c t i o n s , the 
sec re t i on of AChE has been found t o be immunogenic (Edward 
a l . , 1971; O g i l v i e ^ , 1973; Jones and O g i l v i e , 1972), 
The present study supports the view of Nizami et a l . (1977) 
that in helminths, ^ s i tu AChE secre t ion i s pr imar i l y invo lved 
in neurotransmission, and induct ion of an immune response 
reported in the case of nematode i n f e c t i o n s , i s only conse-
quent ia l . A l so , the r o l e of AChE sec re t i on o f helminths in 
t o p i c a l l y reducing p e r i s t a l s i s appears t o be secondary and 
may be a biochemical adaptation produced by l i v i n g i n d i f f e r e n t 
hab i t a t s . 
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Met r i f ona te i n h i b i t s the ^ v i t r o sec re t i on of AChE in 
both paras i t es understudy, but the i n h i b i t i o n i s h igher in 
amphistome than i n ces tode . This i n d i c a t e s that met r i f ona te 
i s more e f f e c t i v e in e x t r a - i n t e s t i n a l worms than i n i n t r a -
i n t e s t i n a l ones probably, due to the d i f f e r e n c e in the nature 
o f the tegument of the two taxonomical ly d i f f e r e n t pa ras i t e s . 
The i n h i b i t i o n in AChE secre t ion piobably d i s turbs o r blocks 
the neurotransmission, which u l t imate l y para lyses the worms 
( as observed in G. explanatum) and thus, a l lows the normal 
p e r i s t a l t i c movement of the habi ta t t o enable the host t o 
expe l l the paralyzed worms e a s i l y . As shown in Table - 17, 
me t r i f ona t e , bes ides i n h i b i t i n g AChE sec r e t i on , also i n h i b i t s 
the ra te of g lucose uptake. This i n d i r e c t l y suggests that 
AChE secre t i on i s assoc ia t ion with the permeabi l i ty of the 
helminth tegument and supports the v iew o f Schwabe e t a l . 
(1961) that AChE i s invo lved in tegumental p e imeab i l i t y . 
Such mode of act ions of the organophosphate compounds prov ide 
a good opportunity f o r f u r the r research on the r o l e of 
membrane bound enzymes i n transmembranosis, p a r t i c u l a r l y 
in ces todes . 
IX« Anthelmint ic e f f e c t s on some enzymes. 
( a) Biochemical s tud ies ; 
As mentioned in mate r ia l s and methods, the d i f f e r e n t 
enzymes o f pa ras i t e s understudy were estimated b iochemica l ly 
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by two methods, which a re r e f e r r ed t o as study I and study I I . 
E f f e c t of 6,7 X iO ^m mebendazole, was studied on some enzymes; 
l i k e acid phosphatase (AcPase ) , a lka l ine phosphatase ( A l P a s e ) , 
adenosine tr iphosphatase (ATPase ) , phosphorylase, phospho-
glucomutase (PGM), g lucose-6-phosphatase (G-6-Pase ) and 
hexokinase. These enzymes are known to be assoc iated wi th 
g lucose uptake mechanisms and in the glycogen dep l e t i on process, 
Mebendazole i s a lso known t o i n h i b i t g lucose uptake and cause 
g lycogen dep l e t i on i n helminths. Hence, the above enzymes 
were studied in the paras i t es understudy i n o rder t o work out 
the e f f e c t of mebendazole at enzymatic l e v e l . 
Besides the above enzymes, e f f e c t of me t r i f ona t e and 
oxyc lozanide was also studied on the ace t y l cho l ines t e rase 
(AChE) and malate dehydrogenase (MDH) r e s p e c t i v e l y , of the 
paras i t es understudy, Me t r i f ona t e and oxyc lozan ide are known 
t o i n h i b i t AChE and MDH of helminths r e s p e c t i v e l y ( s ee 
h i s t o r i c a l r e v i ew ) . These enzymes were i n v e s t i g a t e d on a 
comparative bas is in order to see the e f f e c t of the drugs 
i n the two paras i t es belonging to two d i f f e r e n t taxonomic 
groups and inhab i t ing two d i f f e r e n t hab i t a t s and hosts . 
A l s o , these enzymes have a c ruc ia l and important r o l e i n the 
metabol ic pathways of the helminths. 
The r e su l t s obtained on the e f f e c t of mebendazole on 
the enzymes of G, expianatum are presented in Table - 18, In 
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study I , mebendazole i n h i b i t s the a c t i v i t i e s of AcPase, A lPase, 
ATPase and phosphorylase by 3,7, 64.7, 5 .4 and 51,6% respec-
t i v e l y , wh i l e PGM i s stimulated by 13.2^ and mebendazole has 
no e f f e c t on G-6-Pase a c t i v i t y . In study I I , a l l the above 
mentioned enzymes are inh ib i t ed by mebendazole, but the degree 
of i n h i b i t i o n va r i e s in each. Comparing both s tud ies , meben-
dazo le a f f e c t s AlPase, phosphorylase and PGM very s i g n i f i c a n t l y 
whi le the o the r enzymes are i n s i g n i f i c a n t l y a f f e c t e d in 
G. explanatum (Tab l e - 18) . 
Table - 19 shows the e f f e c t of mebendazole on the 
enzymes of S. ql obi punctata. The diug i n h i b i t s a l l the above 
mentioned enzymes i n study I , except PGM, which i s stimulated 
by 84.7%, whi le in study I I , a l l the enzymes are i nh ib i t ed 
with var i ed degrees , except, phosphorylase, which i s stimu-
la ted by 12.3%. 
Genera l l y , i t has been suggested that phosphatases are 
ra ther f r equent l y associated with the abso ip t i ve sur faces and 
also have a ro l e i n the tegumental uptake o f nut r i en ts in 
d i g ene t i c trematodes (Robinson, 1961; Nimmo-Smith and Standen, 
1963; Erasmus and Ohman, 1963; Ohraan, 1965; Hal ton, 1967; 
von Brand, 1973; Gupta and Shaima, 1974; Probert and Lwin, 
1974; Shanna, 1976; Tandon and Misra, 1978; Roy, 1980 a ,b ) 
and in cestodes (Erasmus, 1957 a,b; Arme and Read, 1970; 
Dike and Read, 1971; von Brand, 1973; Lumsden, 1975; Roy, 
1979a; Ahmad and Nizami, 1982). 
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The present data show that AlPase i s more a c t i v e in 
expi anaturn than AcPase. This i s in agreement with the 
report on adult G.aneo t iqr inum (Gupta and Gupta, 1977), whereas 
in o ther trematodes the reverse i s t rue (von Brand, 1973; 
Prober t and Lwin, 1974). In S, q lob ipuncta ta . AlPase occurs 
at a h i gher l e v e l than AcPase as reported in o ther adult 
cestodes studied so f a r (von Brand, 1973, 1979); Ahmad and 
Nizami, 1982 ) . 
Mebendazole i n h i b i t s the AcPase and AlPase of 
G. expl anatum and S. ql obi punctata in both types of s tud ies , 
except that the degrees of i n h i b i t i o n s are h igher in study I I 
as compared to study I . I t appears tha t mebendazole i s more 
s e n s i t i v e t o the tegument bound phosphatases in the i n t a c t 
woims, because when the woims are incubated in medium B, the 
phosphatases in the tegument become a c t i v e l y invo lved in the 
uptake of g lucose . The dirug present in the medium B comes 
i n t o the contact of these tegument bound phosphatases and hence 
these enzymes are i nh ib i t ed at a h igher l e v e l as found in 
study I I . On the contrary , i n study I , instead of incubating 
the i n t a c t worms in g lucose medium, f r esh homogenized worms 
are used f o r the enzyme assays and thus the i n h i b i t i o n by 
mebendazole i s low. 
Our h is toenzymolog ica l f i n d i n g s a lso conf irm that the 
tegument bound phosphtases are i n h i b i t e d at a h igher l e v e l 
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than the phosphatases in o the r reg ions . Hence, the present 
f i nd ings tempt to i n f e r that AcPase and AlPase are poss ib ly 
associated with the uptake mechanism in the paras i t e s under-
study. Thus, mebendazole induced i n h i b i t i o n in g lucose uptake 
in the helminths understudy are qui te poss ib ly re la ted t o the 
i n h i b i t i o n o f t h e i r phosphomonoesterases due t o mebendazole. 
The present r e su l t s are in agreement with the prev ious 
reports on cestodes and nematodes (Ahmad, 1981 and Ahmad 
£t , i984a ) . 
Adenosine t r iphosphatase i s d i s t r i bu t ed w ide ly in the 
helminth paras i t e s , and play an important r o l e in many metabol ic 
processes (von Brand, 1973; 1979; Lumsden, 1975) . ATPases have 
been found to have func t ion in Na"*" and k"^ dependent t ransport 
across the c e l l membranes (Skou, 1965), and Na"*" coupled glucose 
t ransport has been demonstrated in many helminths ( F i s h e r and 
Read, 1971; Pappas and Read, 1972; von Brand and Gibbs, 1966; 
Pappas et 1973; Read ^ i d . , 1974; Pappas and Read, 1975). 
The funct ion of ATPase has also been reported in b i o e l e c t r i c a l 
phenomenon, osmoregulation and sa l t homoeostasis, as we l l as 
t ransport of non - e l e c t r o l y t e s such as g lucose (Csaky, 1965; 
Schwartz ^ a l . , 1975; Nechay, 1977). A l so , Nechay et a l . 
(1980) pred ic ted in ^ mansoni that ATPase has a r o l e in uptake 
and extrus ion of nutr i ents and waste products, as we l l as in 
muscular con t rac t i on . 
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The a c t i v i t y of ATPase in S. q lobipunctata i s g r e a t e r 
as compared t o G, explanatum. This i s poss ib ly due t o the 
f a c t that cestode i s t o t a l l y dependant on t h e i r uptake o f 
nutr i ents v i a tegument, and t h e r e f o r e , a high l e v e l of ATPase 
a c t i v i t y i s found in the tegument o f S, q lob ipunctata . Such 
high l e v e l of ATPases have been reported in the tegument of 
H. diminuta (Moczon, 1974) and R a i l l i e t i n a .johri (Roy, i 979a ) . 
Both the worms understudy, have a h i ghe r l e v e l of ATPase as 
compared t o the o ther phosphatases. Hence, i t appears that 
ATPase in these two helminths also have a c o r r e l a t i o n wi th 
the uptake mechanisms. 
Mebendazole i n h i b i t s the ATPase in both paras i t es 
understudy, but the degree of i n h i b i t i o n i s very low. Such 
low i n h i b i t i o n i s confirmed by our h is toenzymolog ica l f i n d i n g s . 
Hence i t i s poss ib l e that i n h i b i t i o n in g lucose uptake of the 
paras i t es understudy, i s mainly due to i n h i b i t i o n in the phospho-
monoesterases and pa r t l y due to the ATPase because the drug has 
very l i t t l e i n h i b i t o r y e f f e c t on t h i s enzyme. 
Once the g lucose uptake i s i nh ib i t ed in helminths, than 
the only source of energy i s the reserved g lycogen, and thus 
the g l y cogeno l ys i s pathways operates f o r the r e l ease of ATP 
which i s necessary f o r the surv i va l o f the pa ras i t e s . The 
important enzymes f o r g l ycogeno lys i s are phosphorylase, and 
PGM, and these enzymes are present i n s u f f i c i e n t l e v e l s in the 
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worms understudy. This suggests that g l ycogeno lys i s i s 
ope ra t i v e in these pa ras i t e s . 
I t i s ev ident from the present r esu l t s that mebendazole 
i n h i b i t s phosphoryl ase of G, expl an at urn in both the studies 
( Tab l e - 18) . Whereas, in S. qlobipu net ata, phosphoryl ase i s 
i n h i b i t e d i n study I and stimulated in study I I ( Tab l e - 19 ) . 
This i s poss ib ly because when the drug i s added d i r e c t l y to 
the homogenate of S, q lobipunctata ( s tudy I ) , enzyme phospho-
ry l ase i s d i r e c t l y exposed f o r drug act ion which causes 
s i g n i f i c a n t i n h i b i t i o n . While i n study I I , the enzyme behaves 
in a d i f f e r e n t manner with mebendazole and i s st imulated 
s l i g h t l y { L2%), Such st imulatory e f f e c t in study I I could not 
be explained at present , but i t i s poss ib ly due to the nature 
of the cestode tegument and also i t might be due t o the 
d i f f e r e n c e i n the ra te of permeabi l i t y of the drug molecule 
in t h e i n t a c t worms. 
However, such v a r i a t i o n s in the l e v e l of enzyme a c t i -
v i t i e s due t o the anthe lmint ics , should be explained more 
c a r e f u l l y because, von Brand (1973) suggested that " t h e mere 
demonstration of enzyme i n h i b i t i o n ijn v i t r o i s i n s u f f i c i e n t 
t o i n f e r that t h i s mechanism i s respons ib le f o r the chemo-
therapeut ic a c t i v i t y of a g iven drug. The enzyme should also 
be i nh ib i t ed i n the i n t a c t c e l l " . Hence, i t i s suggested 
that the s t imulat ion of phosphoryl ase i n S, g lob ipunctata 
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(Study I I ) , i s not r e la ted d i r e c t l y t o mebendazole ac t i on . 
But t h i s can be a t t r ibuted to the i n h i b i t i o n of g lucose uptake 
due t o mebendazole, which induces an increased r a t e of g l y c o -
geno lys i s to meet the decreased generat ion o f ATP. This has 
also been supported by the previous s tud ies on Asca r i s sp. 
(Van den Bossche, 1972) and A. lahorea (Ahmad, 1981). 
There fo re , g lycogen d e p l e t i o n in helminths probably, cannot be 
co r r e l a t ed to the e f f e c t o f mebendazole on phosphorylase a c t i -
v i t y . 
The present r e su l t s c l e a r l y i n d i c a t e that mebendazole 
i n h i b i t s the phosphoryl ase of G. expl anatum pr imar i l y because 
i n h i b i t i o n was noticed in both the s tud i e s . While in 
q lohipunctata , the drug has a secondary e f f e c t . Thus, 
mebendazole acts d i f f e r e n t i a l l y on the phosphoryl ase, of the 
two paras i t es belonging t o two d i f f e r e n t taxonomic groups 
l i v i n g in two d i f f e r e n t hab i ta t s and host . However, such 
d i f f e r e n c e s may be the r e su l t s o f the v a r i a t i o n s i n d e t o x i f i -
ca t i on mechanisms o r due t o d i f f e r e n c e s in the s e n s i t i v i t y of 
s i m i l a r enzyme systems (Behm and Bryant, 1979). I t i s not 
surpr i s ing , t h e r e f o r e , that d i f f e r e n c e s in enzyme s e n s i t i v i t y 
may be a t t r ibuted to the mode o f administrat ion of the drug, 
i . e . , t o the f r e s h l y homogenized pa ras i t e s , o r t o the whole 
i n t a c t paras i t es . U l t ima t e l y , in both p a r a s i t e s , mebendazole 
causes a decreased generat ion of ATP l ead ing t o t h e i r decreased 
m o t i l i t y and f i n a l l y death. 
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The presence of high l e v e l of PGM a c t i v i t y in the 
paras i t es understudy, f u r t h e r i nd i ca t e tha t the g l y c og eno l y t i c 
pathway i s o p e r a t i v e . PGM has also been reported in o ther 
helminths (von Brand, 1973, 1979). 
Mebendazole has a s t imulatory e f f e c t on PGM a c t i v i t y 
in both the pa ras i t e s understudy in study I , Whereas in 
study I I , the drug i n h i b i t s the PGM a c t i v i t y in both the 
paras i t es . The poss ib l e reasons f o r the s t imula t i on i n 
study I and i n h i b i t i o n in study I I are same as discussed 
above f o r phosphorylase. U l t imate l y , mebendazole causes a 
decreased generat ion of ATP which i s very e s sen t i a l f o r the 
surv iva l of the helminths. 
The o ther enzyme of g l ycogeno lys i s i n helminths i s 
G-6-Pase, which i s a lso present i n the pa ras i t e s understudy. 
G-6-Pase i s a mu l t i func t i ona l enzyme ca ta l y s ing the hydro l ys i s 
of glucose-6-phosphate and inorganic pyrophosphate, and phos-
phory lat ing g lucose from pyrophosphate and carbamoyl-phosphate 
( N o r d l i e , 1971; Leuck ^ , 1972; He f f e r en and Howel l , 1977). 
The glycogen metabolism i s r ea l i z ed through the c en t ra l meta-
b o l i t e of the saccharide metabolism of g lucose-6-phosphate 
which i s , the c en t ra l s tage o f g l y c o l y s i s ( M u z z a r e l l i , 1977). 
Genera l ly i n t i s s u e s l i k e mammalian l i v e r , a high l e v e l of 
G-6-Pase a c t i v i t y , dephosphorylates g lucose-6-phosphate, 
forming f r e e g lucose (Harpur, 1977). Glucose formed by G-6-Pase 
may e i the r be metabol ised in to g l y c o l y s i s o r i t may also be 
poss ib le that G-6-Pase i s ope ra t i v e f o r g luconeogenesis 
(Yusuf i and S i d d i q i , 1978). 
Mebendazole has no e f f e c t on the G-6-Pase a c t i v i t y of 
explanatum, but i t i n h i b i t s the G-6-Pase a c t i v i t y in 
ql obi punctata. Hence i t appears tha t in G. expl anatum. 
and S. qlobipu net at a. mebendazole, e i t h e r a f f e c t s the formation 
of f r e e g lucose poo l , o r i t a l t e r s the f u r the r metabol ic c y c l e 
o f the g l y c o l y s i s . From the present f i n d i n g s , i t i s c l e a r 
that mebendazole i n h i b i t s the format ion of f r e e g lucose i n 
S. q lob ipunctata , wh i l e i n G. explanatum formation of f r e e 
g lucose remains una f f ec ted ( s e e Table ~ 20 ) , Since mebendazole 
has no e f f e c t on G-6-Pase a c t i v i t y and on the formation of f r e e 
g lucose in G, expl anatum, i t suggests tha t , the drug poss ib ly 
a f f e c t s some o the r metabol ic steps of g l y c o l y s i s which r esu l t s 
i n t o decreased generat ion o f ATP. Whereas in S. qlobipunct at a, 
mebendazole, i n h i b i t s the G-6-Pase a c t i v i t y as we l l as forma-
t i o n of f r e e g lucose resu l t ing i n t o decreased generat ion of 
ATP. I n h i b i t i o n o f G-6-Pase by mebendazole was also reported 
in A. laho re a (Ahmad, 1981) and A. q a l l i and C. diqonopo ra 
(Ahmad et ad., 1984a). Thus, i t i s ev ident from the present 
r e su l t s that mebendazole has a d i f f e r e n t i a l mode of act ion 
on G-6-Pase in the two paras i t es understudy. 
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The i n i t i a l stage i n the metabolism of carbohydrates 
i s phosphorylat ion of hexoses by the u t i l i z a t i o n of ATP in 
order to form a hexose phosphate e s t e r . This r eac t i on requires 
an enzyme known as hexokinase, 
Hexokinase of G. explanatum and §,, qlobipunctata. in the 
present study, are of non - spec i f i c t ype , capable of phosphory-
l a t i n g g lucose , f ruc t o se and mannose. Mebendazole has no 
e f f e c t on the l e v e l s of these enzymes in the paras i t e s under-
study, in both types of s tudies I and I I ( F i g . 13 ) . The 
presence of non - spec i f i c hexokinase has been prev ious ly 
reported in G. c rumenif e r . S. ind ie a. hypselobaqr i ( Yusu f i 
and S i d d i q i , 1978) and H. diminuta (Komuniecki and Roberts, 
1977), A. 1 aho re a (Ahmad, 1981), u n l i k e l y , the s p e c i f i c 
hexokinases which have been reported i n S. mansoni (Bueding 
and Mackinnon, 1955) and E. granulosus (Agos in and Aravena, 
1959). Suppowit and Harr is (1976) postulated that a func t ion 
of the pa r t i cu l a t e hexokinase from Ascar i s sp. may be to 
sequester glucose-6-phosphate d i f f e r e n t i a l l y f o r g l ycogenes is 
and f o r g l y c o l y s i s , as the requirements may be. Since the 
worms understudy and Ascar i s sp. , inhab i t the environments of 
low oxygen t ens ion , so poss ib ly , they requi re a rapid synthesis 
of g lycogen from g lucose f o r s to rage . I t has been observed 
from the present r esu l t that , mebendazole has no e f f e c t on 
the l e v e l s o f hexokinase a c t i v i t i e s in both s tudies I and I I . 
F ig . 13: ^ v i t r o e f f e c t of mebendazole on the l e v e l of 
hexokinase a c t i v i t y in paras i t e s understady, 
A, G iqantocoty le explanatum. Study i 
B* G igantoco ty l e explanaturn. Study H 
C. S t i l e s i a ql obi punctata. Study I 
O* Stilesia q lob ipunctata . Study u 
1 4 3 
GLU. FRU. MAN. GLU. 
S U B S T R A T ES 
FRU. MAN. 
Fig.13 
1 4 4 
Hence, the derangement o f g lucose uptake and g lycogen 
reserves , induced by mebendazole in G, ex pi anatum and 
S, q lobipunctata cannot t h e r e f o r e be a t t r ibuted t o an 
i n h i b i t i o n of g lucose phosphorylat ion. S im i l a r view has 
been proposed by Van den Bossche (1972) and Ahmad (1981 ) . 
E f f e c t of me t r i f ona t e on l e v e l s o f AChE a c t i v i t y in 
ex pi anatum and S. q lob ipunctata are summarized in 
Table - 21, The drug i n h i b i t s the AChE of the worms 
understudy, i n both types of s tudies I and I I . In study I , 
the AChE a c t i v i t y i s i n h i b i t e d by 57.2 and 93,9% in 
expl anatum and S, q lob ipunctata r e s p e c t i v e l y , wh i l e 
in study I I , the drug i n h i b i t s 55.6 and 80.5% of AChE 
a c t i v i t y in G. explanatum and S. q lob ipunctata r e s p e c t i v e l y . 
I t i s observed from the present r e su l t , tha t me t r i f ona t e 
i n h i b i t s A.ChE of S. q lob ipunctata at a h igher l e v e l as 
compared to G. explanatum. 
AChE has been reported from a number of helminths 
both b iochemica l ly as w e l l as h is tochemica l l y and i t ' s 
poss ib l e r o l e in nenrous physio logy and uptake mechanism 
has already been discussed e a r l i e r . Me t r i f ona t e has a 
d i r e c t chemotherapeutic e f f e c t on AChE of the worms under-
study, because the drug i n h i b i t s AChE in both types of 
s tud ies , i n h i b i t i o n o f AChE due t o met r i f ona te , has a lso 
been reported i n schistosomes and o the r helminths (Bueding 
C 
o 
* •H 
•H 
w X ! ON LO 
<D + 1 •H • • 
4-> x : x : n O •M c ON 00 
10 - p M (D x ; 
M cn nj • H fO 0 a CD 
S 
+> (D TO 
4-1 C m 
o ^ O c O 1 ^ o 
s: D • H 
- p Oi M tO M3 O CM 
•H cn •H X CO Q lOcM 
> \ - Q CM O 
• H T S O e • • • • 
O CO ' H cn x : ON' i n r o + 1 
fO > — 1 • 
- H 
• H 
a ; p 
•IT* 
(/) H 
fO T S 
M >. r H r o CO CM O X: P CO - H m ON 
- p CO v o CM - H IF) S: - P • • • • 
o C CO t O CNI CO 
c 
• H 
< 8 -H -H. CM + 1 CO -H + I 
—J w 
O 0 
c 
o o o 
r H E • H 
- P ^ 
- P 
•H ^ 
0) X ! CM v O 
o C • H • • 
fO x : 
c IN L f ) i D 
c w M 
o 
• H 
- P 0 
-p • H e - P 
(0 > D fO 
c • H C l O 
o • P fO O 1 
O c O 
•H fO to CM CO CO MD 
r H t ^ CJN CNj r -
o c. • P X T O o O 
cu • r ) X 0 • • « • 
e 
• H 
01 E 
• 
<+H U • x : o 
o 0 - p -1 a •H 
•p CO 3 : 
o 0) 
M-i r H 
4-t • O H CM -H 
0) 
- p i T j ON NO 
o D C • « « • 
- P 
• P 
W 
O 
O 
CM 
• H fH 
> CD 
T ) 
SI 1 § 
-H (N 
0 i-l X> fO H 
M-i 
O 
o-g 
a+j 
H 
it 
* * 
M 
M M 
T > T ) 
D a 
• P 
CO CO 
1 4 5 
• 
CO 
T 3 
• O 
0 ) x : 
0 - p 
- P 0 
fO E 
o 
• H T 3 
RH C 
03 
0 
FH U) 
VO 
<—1 
FO 
• H 
4-1 M 
O 0 
- P 
0 FO 
CN £ 
•T! 
C 
0 • H 
> 
FO " O 
0 
0 C 
M o 
03 • H 
- P 
t n c 
0 0 
D E 
CO 
> . < 
* 
194 
et , 1972; Reiner e t ^ . , 1978, 1979). However, Reiner 
(1981) suggested tha t s ince there i s a continuously progre -
ssing rearrangement of me t r i f ona t e in to d i ch l o r vos (DDVP), 
i t i s not poss ib l e t o study the e f f e c t of me t r i f ona t e alone, 
and hence the conclusions must be drawn i n d i r e c t l y . Bloom 
(1981) also reported that i t i s ac tua l l y the DDVP which 
i n h i b i t s AGhE in schistosomes and not me t r i f ona t e . Hence, 
i t i s poss ib l e that me t r i f ona t e i n the present study i s a lso 
converted i n t o DDVP in the paras i tes t i s sue and thus i n h i b i t s 
t h e i r AChE l e v e l s . Gunn and Probert (1981) a lso reported 
the i n h i b i t i o n of AGhE in M. expansa due t o a number of 
organophosphate compounds, wh i l e the o the r anthe lmint ics , 
l i k e praziquantel and benzimidazole compounds have no 
e f f e c t . However, AGhE of helminths has also been reported 
t o be inh ib i t ed by o ther anthelmint ics , bes ides organophos-
phates, l i k e l e vamiso l e i n nematodes (Sharpe and Lee , 1981), 
hycanthone and praz iquante l i n S. mansoni (Kim e t 1981), 
benzimidazole compounds in b r a s i l i e n s i s (Rapson et a l . . 
1981). I t appears that me t r i f ona t e a f t e r being converted 
i n t o DDVP, i n h i b i t s the AGhE of the helminths understudy and 
causes a f l a c c i d pa ra l y s i s as observed in G. explanatum. This 
i n d i r e c t l y leads t o the conclusion tha t AGhE of the paras i t es 
understudy are invo lved in the g lucose uptake mechanisms as 
discussed e a r l i e r , as w e l l as in neurotransmission of the 
pa ras i t e s . 
U7 
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Table - 22 summarizes the e f f e c t o f iO M oxyc lo za -
nide on the MDH a c t i v i t y of the pa ras i t e s understudy. In 
study I , the drug i n h i b i t s 31,7% o f MDH a c t i v i t y in 
G. expl anatum and 0 .8^ in ql obi punctata. Whi le in study I I , 
the diug i n h i b i t s i i . 4 ^ and 4,2% of JVDH a c t i v i t y in 
G, expl anatum and S, q lob ipunctata . r e s p e c t i v e l y . However, 
the l e v e l of JVDH a c t i v i t y i s much h igher in the ces tode than 
the amphistome understudy, but the drug oxyc lozan ide i n h i b i t s 
jVlDH of G, expl anatum with a d i r e c t chemotherapeutic e f f e c t , 
wh i l e in S. q lob ipunctata the diug has i n s i g n i f i c a n t i n h i b i -
t o ry e f f e c t on MDH a c t i v i t y , 
MDH i s an important enzyme i n helminths, as i t 
prov ides malate from oxa loace ta te f o r production of fumarate, 
and eventua l ly succ inate i n F, hepat ica . an e ssen t i a l step 
l ead ing t o ATP synthesis under anaerobic cond i t i ons , and 
i t has a cent ra l pos i t ion in aerobic r e sp i r a t i on (Lwin and 
P robe r t , 1975), High l e v e l of MDH a c t i v i t y in S. q lobipunctata 
suggests, that the cestodes need a high l e v e l of ATP f o r 
i t ' s var ious metabol ic funct ions l i k e g lucose uptake and 
extrus ion of waste products v ia tegument, s t r o b i l i z a t i o n 
and growth. 
Oxyclozanide i s a known uncoupler of o x i d a t i v e phos-
phory la t i on in F, hepat ica (Corbet t and Goose, 1971), in 
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li. diminuta and suum (Rew, 1978), The drug i n h i b i t s MDH 
of G, ex pi an a turn in the present study at a h i ghe r d egree , 
hence, i t appears tha t oxyc lozan ide i s e f f e c t i v e in trematodes 
only and not in ces todes . S im i l a r i n h i b i t i o n of MDH by 
oxyc lozan ide has also been reported in F. hepat ic a (Lwin and 
Prober t , 1975), F. g ig ant ic a. F, buski and__P. expl anatum 
(P robe r t et a l . , 1981). The r e su l t s of the i n v i t r o e f f e c t 
o f oxyc lozanide on m o t i l i t y and su r v i v a l , t o g e the r with the 
i n h i b i t i o n of MDH l e v e l s in expl anatum, show, tha t , death 
of the paras i t e i s coupled with th i s enzyme i n h i b i t i o n , 
although the degree of i n h i b i t i o n of MDH i s low. S im i l a r 
death of F, hepatic a acccmpanied by low i n h i b i t i o n of A/DH 
a c t i v i t y by oxyc lozanide was also reported by Lwin and Probert 
(1975) . Further, Corbett and Goose (1971) pointed out tha t , 
the r e i s an approximate c o r r e l a t i o n between the concentra-
t i o n of oxyc lozanide required t o cause uncoupling and that 
required f o r the death o f F. hepat i ca . Hence, these r e s u l t s 
do not contrad ic t the hypothesis proposed by Corbett and 
Goose (1971) tha t , i n h i b i t i o n of o x i d a t i v e phosphorylat ion 
may c ons t i tu t e the mode of act ion of oxyc lozanide , but they 
also suggested an a l t e r n a t i v e or addi t iona l mode o f ac t i on 
f o r t h i s compound l i k e i n h i b i t i o n of fumarate-reductase 
a c t i v i t y of the pa ras i t e s , may a lso be invo lved i n helminths. 
The f a c t that JVIDH i s inh ib i t ed by oxyc lozanide i n 
G, expl anatum s i g n i f i c a n t l y and i n s i g n i f i c a n t l y i n 
159 
S, qlobipunct at a, f o l l o w i n g assay by the two methods (s tudy I 
and I I ) i s d i f f i c u l t to exp la in . I t i s poss ib l e that the 
e f f e c t i s r e v e r s i b l e in the one case and not in the o ther as 
suggested in f lukes by Probert et , ( i 9 8 i } . I t i s we l l 
known tha t even c l o s e l y re la ted paras i t e s respond d i f f e r e n t l y 
to treatment with the same compound. Such d i f f e r e n c e s may 
resu l t from va r i a t i ons i n uptake of the drug by the paras i t es , 
d i f f e r e n c e s in the f eed ing mechanisms (Rahman and Bryant, 
1977; Cornish and Bryant, 1976), d i f f e r e n c e s in d e t o x i f i c a -
t i on mechanisms o r even d i f f e r e n c e s in the s e n s i t i v i t y of 
s i m i l a r enzyme systems (Behm and Bryant, 1979). Hence, 
conclusions should be drawn c a r e f u l l y on t o t a l l y in v i t r o 
s tud ies o f drug e f f e c t s on homogenates. 
( b ) Histoenzymoloqical s tud ies ; 
Hi stoenzymologic al invest iga-^ions alongwith the 
biochemical studies prov ide a b e t t e r understanding in d e t e r -
mining the mode and s i t e o f act ion of various anthe lmint i cs . 
In the present study, e f f e c t of mebendazole, me t r i f ona te 
and oxyc lozanide was studied h is tochemica l l y on some enzymes 
of the paras i t es understudy. 
Mebendazole causes i n h i b i t i o n of AcPase, AlPase and 
ATPase, as evident from our biochemical s tud ies . The resu l ts 
of the present h is toenzymolog ica l s tud ies also conf irm that 
151 
the d i s t r i b u t i o n of these enzymes i n d i f f e r e n t regions of 
G. expl anaturn and. S. ql obi punctata are inh ib i t ed by mebenda-
z o l e as compared t o the normal c on t r o l worms ( P l a t e 7 and 8 ) , 
In the con t ro l worms, the maximum sta in ing reac t ion of AcPase, 
AlPase and ATPase was observed mainly i n the tegument, suckers, 
i n t e s t i n a l caecae and i n rep2X)ductive organs of G, explanatum, 
and in tegument and reproduct ive organs o f S. q lob ipuncta ta . 
I t i s i n t e r e s t i ng t o note that these phosphatases are 
i n t ense l y l o c a l i z e d in the reg ions which are a c t i v e l y assoc ia-
ted with absorpt ive func t ions . L o c a l i z a t i o n of these phospha-
tases i s we l l es tab l ished in a number of trematodes and 
cestodes (von Brand, 1973, 1979; Roy, 1979 a,i)c, 1980 a,b; 
Fuj ino et , 1983; Farooq and Farooqi , 1984). On the bas is 
of the l o c a l i z a t i o n of phosphatases in d i f f e r e n t reg ions , 
most o f the workers have suggested that these enzymes are 
associated with the process o f absorpt ion and t ranspor t of 
nu t r i en t s . 
In G, expl anatum, mebendazole i n h i b i t s AlPase at a 
h igher degree in the tegument and acetabulum, as compared t o 
AcPase and ATPase ( P l a t e 7: F i g . 1 - 6 ) , I n h i b i t i o n of phospha-
tases in the tegument of G, expl anatum by mebendazole, suggests 
that the primary s i t e of act ion o f mebendazole i s the tegument 
where the mode of act ion invo l v e s the i n h i b i t i o n o f phospha-
tases which u l t ima te l y causes i n h i b i t i o n in g lucose uptake. 
P l a t e - 7: F i g s , i - 6 : Histochemical e f f e c t of mebendazole 
on the d i s t r i b u t i o n o f phosphatases in 
Gig antocoty le explanaturn. X 10, 
F i g s . 1 and 2: con t ro l and t r ea t ed sect ions showing 
acid phosphatase r e s p e c t i v e l y . Note the pa r t i a l 
disappearance of the enzyme a c t i v i t y due t o drug 
from tegument, t e s t e s , i n t e s t i n a l caecae and 
suckers. 
F i gs . 3 and 4: con t ro l and t r ea ted sect ions showing 
a lka l ine phosphatases r e s p e c t i v e l y . Note the 
p a r t i a l disappearance of the enzyme a c t i v i t y 
due t o drug from a l l the regions except the 
ora l sucker. 
F igs . 5 and 6: contro l and t r ea t ed sect ions showing 
adanosinetriphosphatase r e s p e c t i v e l y . Note the 
p a r t i a l i n h i b i t i o n o f the enzyme a c t i v i t y due 
to drug in the tegument and i n t e s t i n a l caecae. 
Abbrev ia t ions used: Tg, tegument; Os, ora l sucker; 
Ts, t e s t e s ; I c , i n t e s t i n a l caecae; Vs, ventra l 
sucker; Ac, acetabulum. 
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P l a t e - 8J F i gs , i - 6 : Histochemical e f f e c t of mebendazole 
on the d i s t r i b u t i o n of phosphatases in S t i l e s i a 
^lobipunctata.- X 50. 
F igs , 1 and 2; contro l and t r ea t ed sect ions showing 
acid phosphatase r e s p e c t i v e l y . Note the pa r t i a l 
disappearance of the enzyme a c t i v i t y due t o drug 
from tegument and reproduct ive organs. 
F igs . 3 and 4: contro l and t r ea ted sect ions showing 
a l ka l i n e phosphatase r e s p e c t i v e l y . Note the 
p a r t i a l disappearance of the enzyme a c t i v i t y 
due to drug from tegument and reproduct ive 
organs. 
F igs , 5 and 6: contro l and t r ea t ed sect ions showing 
adenosinetr iphosphatase r e s p e c t i v e l y . Note the 
s i g n i f i c a n t disappearance of the enzyme a c t i -
v i t y due t o drug from a l l the reg ions . 
Abbrev ia t ions used: Fto, reproduct ive organs; Tg, tegument; 
Po, paruter ine organs. 
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In S. ql obi punctata, mebendazole i n h i b i t s AcPase, 
AlPase and ATPase in the tegument and reproduct ive organs 
( P l a t e - 8: F ig . i - 6 j , although the degree o f i n h i b i t i o n 
va r i e s in each. Such i n h i b i t i o n o f phosphatases in the 
tegumental region i s very important because, ces todes are 
devoid of i n t e s t i n a l caecae and a l l nutr i ents are absorbed 
v i a tegument. I n h i b i t i o n of phosphatases in the reproduct ive 
organs o f t h i s pa ras i t e by mebendazole i s also s i g n i f i c a n t as 
the cestodes have a high ra te of f e cund i ty , 
AChE and non-spec i f i c es terases have been reported 
histochemic a l l y in the trematodes and cestodes (von Brand, 
1973, 1979; Ramakrishna e t , 1980; Krishna, 1981; Rao 
et a l . , 1982; Farooq and Farooqi , 1983). In the present 
study, met r i f ona te i n h i b i t s the AChE and non-spec i f i c 
es terases a c t i v i t y very s i g n i f i c a n t l y in both the pa ras i t e s 
understudy though with a var i ed degree . 
In G. explanatum, me t r i f ona t e i n h i b i t s the AChE in 
the ora l sucker, acetabulum, tegument and in a l l o the r reg ions 
where AChE i s l o c a l i z e d in the cont ro l worms ( P l a t e - 9: 
F i g . 1 and 2 ) , Whereas the non - spec i f i c es t e rases are 
l o c a l i z e d in a l l regions of G. expl anatum with more o r l e s s 
same i n t e n s i t y , but met r i f ona te i n h i b i t s t h i s enzyme only 
in the inner acetabular l i n i n g ( P l a t e - 9: F i g . 3 and 4 ) . In 
§:• q lob ipunctata . me t r i f ona t e i n h i b i t s AChE and non - spec i f i c 
P l a t e - 9: F i gs , i - 6 : Histochemical e f f e c t of me t r i f ona t e 
and oxyc lozan ide on the d i s t r i b u t i o n of esterases 
and malate dehydrogenase r e spec t i v e l y in 
Gig antocoty le explanatum. X 10. 
F igs . 1 and 2: con t ro l and t rea ted sec t i ons showing 
e f f e c t of me t r i f ona t e on ace t y l cho l ines t e rase 
r e s p e c t i v e l y . Note the s i g n i f i c a n t i n h i b i t i o n 
of the enzyme a c t i v i t y ( arrows j due t o drug 
from a l l reg ions. 
F i gs . 3 and 4: con t ro l and t r ea t ed sec t ions showing 
e f f e c t of me t r i f ona t e on non -spec i f i c es terases 
r e s p e c t i v e l y . Note the complete i n h i b i t i o n of 
the enzyme a c t i / i t y due to drug from the t egu-
ment and inner l i n i n g of the acetabulum ( a r r ows ) . 
F igs . 5 and 6: cont ro l and t r ea t ed sec t i ons showing 
e f f e c t of oxyc lozanide on malate dehydrogenase 
r e s p e c t i v e l y . Note the p a r t i a l disappearance 
of enzyme a c t i v i t y from a l l regions ( a r r ows ) . 
Abbrev ia t i ons : Same as i n P l a t e - 7, 
I 
s . 
c 
V 
P l a t e - 10: F i g s . 1 - 6 : Histochemical e f f e c t of met r i f ona te 
and oxyc lozanide on the d i s t r i b u t i o n of es terases 
and malate dehydrogenase r e s p e c t i v e l y , in 
S t i l e s i a qlobipunct at a. X, 50. 
F igs . 1 and 2: contro l and t r ea t ed sect ions showing 
e f f e c t of me t r i f ona te on ace ty l cho l ines t e rase 
r e s p e c t i v e l y . Note the s i g n i f i c a n t i n h i b i t i o n 
of the enzyme a c t i v i t y due to drug from a l l the 
reg ions . 
F igs . 3 and 4; con t ro l and t rea ted sect ions showing 
e f f e c t of me t r i f ona te on non -spec i f i c es terases 
r e s p e c t i v e l y . Note the s i g n i f i c a n t d isappear-
ance o f the enzyme a c t i v i t y due to drug from 
a l l the reg ions . 
F i g s . 5 and 6; cont ro l and t r ea ted sect ions showing 
e f f e c t of oxycloz anide on malate dehydrogenase 
r e s p e c t i v e l y . Note the i n s i g n i f i c a n t d isappea-
rance of enzyme a c t i v i t y due to drug from a l l 
r eg ions . 
Abbrev ia t ions used are same as i n P l a t e - 8. 
I' {t 
1 5 7 
es terases in a l l t i s s u e s inc lud ing the tegument and reproduc-
t i v e organs ( P l a t e - 10: F i g , 1 - 4 ) , Other organophosphates 
l i k e commaphos, t r i c h l o r f o n , pararosan i l ine ch l o r i de and 
haloxan are also reported t o i n h i b i t cho l ines t e rases h i s t o -
chemical ly in F, hepat ica ( Pan i t z and Knapp, 1970), 
G* ex pi an a turn has a we l l developed acetabulum as an 
organ of attachment. Even a s l i g h t i n h i b i t i o n of AChE and 
general esterases i s s u f f i c i e n t t o produce incoo rd ina t i on 
at the neuromuscular junc t i ons , which probably causes 
detachment of the pa ras i t e from the host t i s sue and produces 
f l a c c i d pa ra l y s i s . The i n h i b i t i o n of these es te rases in the 
tegument of G, explanatum and S, q lob ipunctata by me t r i f ona t e , 
f u r t h e r suggests and supports the hypothesis proposed e a r l i e r 
in the present biochemical studies that these es te rases are 
also invo lved in transmembranosis in helminths, 
Oxyclozanide i n h i b i t s the MDH a c t i v i t y s i g n i f i c a n t l y 
in G, expl anatum ( P l a t e - 9: F i g . 5 and 6 ) , and i n s i g n i f i c a n t l y 
SL" q lobipunctata ( P l a t e - 10: F i g , 5 and 6 ) , The present 
h is toenzymolog ica l f i n d i n g s are in agreement with the b ioche-
mical s tudies . Thus, i t appears that the mode of act ion of 
oxyc lozanide in G, explanatum and S. q lob ipunctata i s d i f f e r e n t , 
thereby showing metabol ic v a r i a t i o n at enzyme l e v e l , with a 
taxonomic d i f f e r e n c e i n the s e n s i t i v i t y of oxyc lozan ide t o 
MDH, Thus, i t also tempts to i n f e r that oxyc lozan ide i s 
b a s i c a l l y a f l u k i c i d e . 
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( c ) E lec t rophore t i c s tud ies ; 
Though a number of reports are a va i l ab l e on the 
isozyme patterns of var ious enzymes in helminlhs, only few 
studies are made so f a r concerning to the e f f e c t of various 
drugs on the isozyme p r o f i l e of d i f f e r e n t enzymes. In the 
present study, e f f e c t o f me t r i f ona t e and oxyc lozanide was 
studied on the isozyme patterns of AChE and iVDH r e s p e c t i v e l y , 
iri G. expl anatum_ and S. qlobipunet at a. 
E f f e c t of me t r i f ona t e on the isozymes of AChE in 
G, expl anatum and S. q lobipunct at a ire shown i n F i g , 14 and 
15, r e s p e c t i v e l y , AChE in the cont ro l untreated G. expl anatum 
i s separated into two isozymes (AChE^ and AChE^), in which 
AChEj^  i s the anod al and AChE2 i s cathodal i n o r i g i n . ( F i g , 
14-A} , Met r i f ona te i n h i b i t s only AChE^ ,^ wh i l e AChE^ remains 
unaf fec ted in the t r e a t ed woims ( F i g . 14-B) . On the o ther 
hand, in S, g l obi punctata, AChE i s separated i n t o 5 bands in 
which AChE,, AChE^ and AChE„ are anodal and AChE, and AChE, 1 2 3 4 5 
are cathodal in o r i g i n ( F i g , i 5 - A ) . On met r i f ona te treatment, 
a l l the f i v e isozymes of AChE are inh ib i t ed in S. qlobipu net at a 
( F i g . i 5 - B ) . 
Although AChE of helminths ex i s t i n the form of 
isozymes in a number of o ther trematodes and cestodes 
(von Brand, 1973, 1979; Balasubramaniyam a l , , 1982), 
F ig , 14: Elect iopherograms with corresponding densi tometr ic 
scans o f poly acxyl amide g e l s , showing e f f e c t o f 
me t r i f ona t e on ace t y l cho l ines t e rase a c t i v i t y 
of Gig antocoty le explanatum. 
Numbers on the scan represent the bands f o r 
isozymes forms. Arrow ind i ca t e s the d i r e c t i o n 
* of enzyme mig ra t i on . 
A, Cont ro l . 
B. Me t r i f ona te t r e a t ed . 
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F ig . 15: Electropherograms wi th corresponding dens i tometr ic 
scans of poly aery lan ide g e l s , showing e f f e c t of 
me t r i f ona t e on ace t y l cho l ines t e rase a c t i v i t y of 
S t i l esi^a globipunct at a. 
Numbers on the scan represent the bands f o r 
isozyme forms. Arrow ind i ca t e s the d i r e c t i o n 
of enzyme migrat ion . 
A. Contro l . 
B. Me t r i f ona t e t r e a t ed . 
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in format ion regarding the e f f e c t of d r j g s on isozymes i s very 
meagre. Recent ly , Lopez-Lopez _et a l . (1982) reported i n h i b i -
t o ry e f f e c t of organophosphorus compounds on the isozymes of 
cho l ines t e rase in M. expanse, F. hepat ic a and D. dendri t icum. 
The present study shows, that me t r i f ona t e i n h i b i t s AChE 
p a r t i a l l y in G. explanatum which i s also confirmed by our 
biochemical and histochemical s tudies . This shows tha t , the 
p a r t i c u l a r isozyme which i s inh ib i t ed by me t r i f ona t e i s 
probably responsib le f o r the i n h i b i t i o n in g lucose uptake 
and also f o r the r e v e r s i b l e f l a c c i d pa ra l y s i s . In 
S. qlobipunct_ate, a l l the f i v e isozymes of AChE are inh ib i t ed 
by me t r i f ona t e . Such pronounced e f f e c t f u r t h e r support t?ie 
hypothesis that AChE i s invo lved in t ransmembranosis, s ince 
t h i s paras i t e belongs to cestode group in which the uptake 
o f nut r i en ts i s s o l e l y dependent on the tegument. This complete 
i n h i b i t i o n in AChE i s also supported by our h is toenzymolog ica l 
s tud ies . 
I t i s we l l known tha t iVDH has a major r o l e in the 
anaerobic metabolism of helminths ( B a r r e t t , 1976). The present 
isozyme study reveal t h a t , in G. explanatum. JVDH i s separated 
i n t o 4 bands, v i z . , MDH^ ,^ which i s anodal; and ^DH2, MDH^ 
and MDH ,^ which are cathodal in t h e i r e l e c t r opho r e t i c mob i l i t y 
( F i g . 16-A) . Oxyclozanide i n h i b i t s only JOH^ and MDH^ in 
t h i s t rem at ode ( F i g . 16 -8 ) . 
F i g , 16: Electropherograms wi th corresponding dens i tometr ic 
scans of poly aery L amide g e l s , showing e f f e c t of 
oxyc lozanide on malate dehydrogenase a c t i v i t y 
of g i qan toco t y l e ex pi ana turn. 
Numbers on the scan represent the bands f o r 
isozyme forms. Ar;cow i nd i c a t e s the d i r o c t i o n 
of enzyme migra t ion . 
A. Contro l . 
B. Oxyclozanide t r e a t e d . 
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In S, q lob lpunctata , the MDH i s separated i n t o 7 bands 
among which mu^ , MDH^ and MDH^ are anodal, whi le MDH ,^ MDH ,^ 
M3H and AOH are cathodal in mob i l i t y ( F i g . i 7 - A ) . In th i s 
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paras i t e oxyc lozanide has no i nh ib i t o r y e f f e c t on the 
isozymes o f MDH, but t h i s drug causes a change in the e l e c t r i c 
mob i l i t y of the isozymes, as shown in electropherogram ( F i g . 
17-8 ) , i n which, MDH^  ^ become anodal and cathodal . 
Our biochemical and h is toenzymolog ica l s tudies a lso revea l 
and support tha t , in S, ql obi punctata, t h i s drug does 
not causes any s i g n i f i c a n t i nh ib i t o r y e f f e c t on IVDH, 
Harr is and Hopkins (1976) , reported tha t , the so luble 
form ( cy top lasmic ) of IVDH migrates anodal ly , and the mi to -
chondria l f o 237i ca thoda l l y . From the electropherograms of 
MDH, i t appears that the major MDH i s of mitochondria l o r i g i n 
i n both the pa ras i t e s understudy. The ex i s t ence o f MDH in 
isozyme forms have been reported in a number of o ther 
helminths, l i k e S, mansoni (Gonde de l Pino e t , 1966; 
Coles , 1970, 1971); Castanheira ^ , 1981), F. q i qan t i ca 
(Umezurike and Any a, 1980), G. c lumenif e r (Dhandayuthapani 
et a l . , 1983), and H, dimAnuta (Moon e t , 1977), 
H. microstoma (Pappas and Schroeder, 1979), E. qranolosus 
n^ulti locul a r i s (McManus and Smyth, 1979). According 
to Wilkinson (1970) , i t may be poss ib l e tha t the var ious 
forms of isozymes are separate " adap t i ve enzymes" produced 
F ig , 17: Electropherograms with corresponding dens i tometr ic 
scans of po lyacry l amide g e l s , showing e f f e c t of 
oxyc lozanide on malate dehydrogenase a c t i v i t y 
S t i l es ia qlobipunct at a. 
Nuinbers on the scan represent the bands f o r 
isozyme forms. Arrow ind i ca t e s the d i r e c t i o n 
of enzyme migrat ion . 
A. Cont ro l . 
B. Oxyclozanide t r e a t e d . 
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in response t o changes in environment. Hence, these helminth 
paras i t es during the complet ion of t h e i r l i f e c y c l e pass 
through d i f f e r e n t environmental cond i t i ons and i t i s poss ib l e 
tha t , some of the isozymes are ope ra t i v e only in the l a r v a l 
fo ims. 
I t i s now evident from forego ing d iscuss ion tha t , 
me t r i f ona te i s s p e c i f i c a l l y an i n h i b i t o r of AChE in both the 
paras i t es understudy. Whereas, oxyc lozan ide i n h i b i t s only 
two isozymes of JVDH in Q, explanatum and has no e f f e c t on 
the iVDH isozymes of S. q l obi punctata, which suggests that 
oxyc lozanide i s b a s i c a l l y a f l u k i c i d e . 
C H A P T c R - V 
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SUMVIARY 
The r e su l t s of the present study have shown that the 
e f f e c t s o f anthelmintic compounds on the metabol ic a c t i v i t i e s 
of paras i t es can be assesed by using d i f f e r e n t standard 
biochemical and phys io l og i ca l parameters. I t i s c l e a r that 
a s i n g l e compound may have d i f f e r e n t s i t e s and modes of 
act ion in the metabolic pathway of a pa ras i t e . The mode of 
act ion o f each anthelmintic understudy, v i z . , mebendazole, 
fenbendazole , met r i f ona te and oxyc lozan ide , i s d i f f e r e n t . 
However, in the present study, these compounds show some 
d i f f e r e n c e s in ^the r e l a t i v e a c t i v i t y , on comparative bas i s 
in the trematode and ces tode , which i s poss ib ly a consequence 
of the d i f f e r e n c e s in the metabolism o f these paras i t e s be long-
ing to two d i s t i n c t taxonomic groups. The u l t imate , major 
e f f e c t s of the anthelmintics understudy, appear to be associated 
with the energy y i e l d i ng metabolism, nutr i ent uptake mechanisms 
and neuromuscular coord ina t i ons . 
MEBENDAZOLE; 
Mebendazole i s a broad spectrum anthelmintic because 
i t i s e f f e c t i v e in both the pa ras i t e s understudy. The drug 
i n h i b i t s the g lucose uptake, which i s probably due to the 
i n h i b i t i o n in the acid and a l ka l i n e phosphatases and adenosine-
tr iphosphatase of these pa ras i t e s due t o mebendazole, as evident 
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by the present biochemical and histochemical f i nd ings . 
However, the dnjg i n h i b i t s g lucose uptake in S, ql obi punctata 
at a h igher l e v e l as compared t o G» ex pi an at urn. 
Mebendazole also causes a dep l e t i on i n the g lycogen 
content of the paras i t es understudy, only when g lucose i s 
present i n the incubating medium. This shows that the 
glycogen dep l e t i on induced by mebendazole i s a secondary 
e f f e c t which i s caused due t o the i n h i b i t i o n in g lucose 
uptake (pr imary e f f e c t ) . Mebendazole causes s i g n i f i c a n t 
changes in the phosphorylase and phosphoglucomutase l e v e l s 
of the pa ras i t e s , as ev ident from the biochemical observa-
t i o n s , which u l t imate l y r esu l t s in to the dep l e t i on of 
g lycogen contents . Glycogen dep l e t i on due t o mebendazole 
occurs at a h igher l e v e l i n G, explanatum as compared t o 
q l obi punctata. 
From the autoradiographic s tud ies , i t i s revealed that 
the tegument of G, expl anatum i s also a c t i v e l y invo lved in the 
g lucose uptake, bes ides the i n t e s t i n a l caecae. Mebendazole 
i n h i b i t s the tegumental g lucose uptake in t h i s amphistome and the 
drug poss ib ly d isrupts the microtubular apparatus o f the 
tegument, due t o which, the t r i t i a t e d g lucose i s unable t o 
move across the tegument, thus resu l t ing i n t o t h e i r blocking 
o r accumulation at sur face of the tegument. 
expl anatum. mebendazole causes a reduct ion in 
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surv iva l t ime with the increase of drug concent re t i on . The 
drug i s unable t o cause m o r t a l i t y in t h i s pa ras i t e , but i t 
d i s turbs the normal m o t i l i t y ( i n the fo im of amplitude and 
f requency ) s lowly and g radua l l y . The drug also causes 
detachment of the trematode from the host t i s s u e . 
Mebendazole causes s u p e r f i c i a l topographica l damage 
in G, expl anatum. The sur face annulations remain una f f e c t ed . 
Very few p a p i l l a e are deformed o r f l a t t e n e d , thus causing 
few s u p e r f i c i a l l e s i o n s . The drug also has a pee l ing e f f e c t 
on the tegumental l a y e r . These e f f e c t s probably produce 
a l t e r a t i o n s i n the tegumental o rgan isa t i on which r e su l t s i n t o 
the i n h i b i t i o n of g lucose uptake in G. expl anatum. 
FENBENDAZOLE; 
Fenbendazole has a s im i l a r act ion as mebendazole, on 
the paras i t es understudy. The drug i n h i b i t s the g lucose 
uptake in S, qlobipunct at a at a h igher l e v e l as compared to 
G. expl anatum. L ike mebendazole, fenbendazole a lso causes 
dep l e t i on in glycogen l e v e l at a h igher l e v e l i n the trematode 
as compared t o the ces tode . Fenbendazole causes g lycogen 
d ep l e t i on even in the absence of g lucose . Thus, i t appears 
that g lycogen dep le t i on in helminths due to fenbendazole , may 
be a d i r e c t act ion of t h i s drug, 
Fenbendazole i s a lso unable t o produce m o r t a l i t y in 
1 6 9 
G. expl anatum. but causes a disturbance in the m o t i l i t y in a 
shor ter i n t e r v a l of t ime as compared to mebendazole. The drug 
reduces the surv iva l t ime wi th increased diug concentrat ion 
and also detaches h igher number of worms from host t i s s u e as 
compared t o mebendazole. 
The topographical damages in G, explanatum are a lso 
more pronounced with fenbendazole as ccmpared t o mebendazole. 
S u p e r f i c i a l l e s i ons are formed due t o abrasion of sur face 
p a p i l l a e . Ma j o r i t y of p a p i l l a e c o l l apse , g i v i n g a wrinkled 
appearance to the body sur face . The r idges and furrows from 
the dorsa l body sur face d isappear g i v i n g smooth appearance. 
These e f f e c t s probably a f t e r the tegumental s t ruc ture , which 
r esu l t s in the i n h i b i t i o n of g lucose uptake. 
Since both, mebendazole and fenbendazole are the members 
of the same group (Benz imidazo l e ) , t h e r e f o r e , t h e i r mode of 
act ions are almost s im i l a r in both pa ras i t e s . However, 
d i f f e r e n c e s in t h e i r primary and secondary e f f e c t s cannot be 
ruled out. For g lucose uptake i n h i b i t i o n , mebendazole i s more 
e f f e c t i v e than fenbendazole, whi l e f o r g lycogen d e p l e t i o n , the 
reverse i s t rue in both the helminths understudy^ Further, 
f o r the in v i t r o surv i va l , worm detachment from the host 
t i s sue , m o t i l i t y and topographica l damages in G. explanatum, 
fenbendazole i s more e f f e c t i v e as compared t o mebendazole. 
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METRIFONATE: 
L ike the benzimidazole compounds, me t r i f ona t e also 
i n h i b i t s the glucose uptake in the helminths understudy. This 
i n h i b i t i o n i s at h igher l e v e l in G, expl anatum as compared 
"to S. q lobipunctata probably because p a p i l l a e are more 
s ens i t i v e to me t r i f ona t e than mic r o t r i ches . I n t e r e s t i n g l y , 
i t i s found that these pa ras i t e s s t a r t recover ing t h e i r 
g lucose uptake a f t e r the f i r s t 3 hours of incubat ion with 
me t r i f ona t e . I t appears that met r i f ona te i s unable t o 
d e t e r i o r a t e microtubular systems of these helminths as 
reported f o r the benzimidazole compounds. 
Met r i f ona te has no e f f e c t on the g lycogen l e v e l of 
G* expl anatum. but i n qlobipunct at a the dxug causes a s l i gh t 
increase in the g lycogen content . This v a r i a t i o n c e r t a i n l y 
requires f u r t h e r studies to confirm as t o why such increase 
i n glycogen occurs due t o me t r i f ona t e . 
Me t r i f ona t e i n h i b i t s i ^ v i t r o sec re t i on of AChE in the 
helminths understudy which conf i rms the hypothesis of Lee 
(1970) that such sec re t i on act as a "•biochemical h o l d f a s t " 
against the l o c a l p e r i s t a l s i s . This drug a lso i n h i b i t s t o t a l 
a c t i v i t y of the AChE in the worm's homogenates. H is tochemica l l y , 
i t has been observed tha t t h i s enzyme i s a lso present i n non-
nervous t i s sues l i k e tegument, which i s also i n h i b i t e d by 
me t r i f ona t e . Presence of the AChE in tegument and i n h i b i t i o n 
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of g lucose uptake by me t r i f ona t e suggests and supports the 
hypothesis proposed by Schwabe et a l . (1961) that AChE i s 
invo lved in the pe imeab i l i t y of the hydatid cys t w a l l . In 
addi t ion to t h i s , i t has also been observed histochemic a l l y , 
that met r i f ona te i n h i b i t s the nonspec i f i c es te rases in the 
helminths. E l ec t rophore t i c studies reveal that the drug 
i n h i b i t s only one isozyme of AChE in G. ex pi an at urn and a l l 
isozymes in S. q lob ipunctata« Thus, i n h i b i t i o n of the 
isozymes of AChE by me t r i f ona t e , suggests that only one 
isozyme in G. expl ana turn and a l l isozymes in S. q lobipunctat a 
are s e n s i t i v e t o m e t f i f o n a t e and responsib le f o r i n h i b i t i o n 
in g lucose uptake and r e v e r s i b l e f l a c c i d p a r a l y s i s . 
Me t r i f ona t e in low concentrat ions a l so , para lyse 
G. explanatum. In 3.3 x lO'^M concentrat ion the worms are 
paralysed w i th in 10 minutes. The drug a lso causes increased 
percent detachment of G, explanatum from host t i s s u e . The 
m o t i l i t y recordings reveal tha t as soon as the worm comes 
i n t o the d i r e c t contact of the drug, the a c t i v i t y increases 
and then slowly the worm i s paralysed w i th in 8-9 minutes. 
The drug causes a f l a c c i d pa ra l y s i s . This f u r t h e r suggests 
that the AChE i s a lso invo l ved in nerve transmission in 
G, expl anatum. 
The topographica l studies in G, explanatum, revea l 
that me t r i f ona t e causes deformat ion in the ma j o r i t y of the 
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surface p a p i l l a e . Few of them burst , forming l es ions on the 
l a t e r a l sur faces of the acetabulum. The drug a lso causes a 
pee l ing e f f e c t of the sur face tegument. This study also 
provides an evidence tha t these tegumental p a p i l l a e have some 
secre tory funct ions , and poss ib ly secre te AChE as suggested 
by Davies (1979) , Such e f f e c t s pix)bably br ing about the 
incoord inat ion in the neuromuscular funct ion ing and thus 
i n h i b i t the r e l ease of AChE as w e l l , which u l t ima te l y causes 
i n h i b i t i o n in g lucose uptake and detachment of the worms due 
to r e v e r s i b l e f l a c c i d pa ra l y s i s , 
Met r i f onate i n h i b i t s AChE sec re t i on in G, explanatum 
at a h igher l e v e l as compared to S. q lobipunct at a, probably 
due t o the d i f f e r e n c e s in the nature of t h e i r tegument. 
However, f u r t h e r s tudies are required t o ascer ta in the exact 
funct ion of AChE sec re t i on and i t s poss ib l e r o l e in the 
t ran sm emb r a no si s, 
QXYCLQZANIDE; 
Oxyclozanide i n h i b i t s MDH a c t i v i t y s i g n i f i c a n t l y in 
SL* expl an atum. and i n s i g n i f i c a n t l y i n S. g lob ipunct at a. The 
histochenic al and e l e c t i o p h o r e t i c s tudies a lso conf i rm th i s 
i n h i b i t i o n . In trematode, the drug causes para lys i s soon as 
i t comes in to the d i r e c t contact of the drug. Oxyclozanide 
causes a spast ic para l ys i s in G. explanatum which i s i r r e v e r -
s i b l e and iOO% worms detach from the host t i s s u e . Thus, 
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oxyc lozanide a f f e c t s the MDH a c t i v i t y , and also probably 
i n h i b i t s the ox i da t i v e phosphory lat ion. These e f f e c t s 
u l t imate l y des t roy the energy y i e l d ing mochanism and induce 
para lys is in G. ex pi anatum. Thus i t appears tha t oxyc lozanide 
i s b a s i c a l l y a f l u k i c i d e and can be used against amphistomes. 
Among a l l the drugs i nves t i ga t ed in the present study, 
oxyc lozanide produces the most severe and pronounced topo-
graphica l damages in G, explanatum. The woim i s almost 
deshaped, and concentr ic wr inkles appear ove r the ventra l 
body sur face , and almost a l l p a p i l l a e d isappear from the 
body sur face . Deep, c r a t e r - l i k e l e s i o n s are formed, which 
expose the parenchymatous t i s s u e s as w e l l as the in t e rna l 
organs. The c i r c u l a r f o l d s of the tegument, in the inner 
l inn ing of the acetabulum, are badly damaged, which may be a 
consequence f o r the quick detachment of the worm from the 
host t i s s u e . 
GENERAL CONCLUSION; 
From the present i n v e s t i g a t i o n , i t can be concluded 
tha t : 
1. In G. explanatum. the f our anthe lmint ics are e f f e c t i v e 
in the o rder o f : o x y c l o z a n i d e ^ me t r i f ona t e " ^ f enbendazole ^ 
mebendazole, as f a r as the in v i t r o s u r v i v a l , woim detach-
ment from host t i s sue , m o t i l i t y of the worm, and the 
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topographica l damages are concerned. The sur face pap i l l a e 
are the po t en t i a l s i t e s f o r the drug ac t i on . Disrupt ion 
of these p a p i l l a e due t o drugs are manifested in the 
foim of var ious metabol ic d i so rders in the amphistomes, 
2. For g lucose uptake i n h i b i t i o n , mebendazole i s more 
e f f e c t i v e than fenbendazole , Me t r i f ona t e i s also e f f e c -
t i v e in i n h i b i t i n g g lucose uptake, but only f o r a short 
per iod. For g lycogen dep l e t i on , fenbendazole i s more 
e f f e c t i v e than mebendazole. 
I t can be concluded that mebendazole and fenbendazole 
can be used as a broad spectium anthe lmint ics , s ince these 
compounds are e f f e c t i v e in both the worms understudy and 
i n t e r f e r e the carbohydrate metabolism. 
3. Mebendazole i n h i b i t s AcPase, AlPase and ATPase in both the 
worms understudy as ev ident by the biochemical and h i s t o -
chemical s tud ies . Thus i t appears that these phosphatases 
are invo l ved in g lucose uptake mechanism i n helminths. 
Other enzymes PQVl, G-6-Pase and phosphorylase are a lso 
a f f e c t e d by mebendazole, which resul ted in to the g lycogen 
d e p l e t i o n . 
4. Me t r i f ona t e i n h i b i t s AChE l e v e l s and AChE sec re t i on in 
the pa ras i t e s understudy. H is tochemica l l y , me t r i f ona te 
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also i n h i b i t s AChE and non-spec i f i c es terases in these 
helminths. This i n h i b i t i o n of AChE was also not iced i n 
the non-nervous t i s s u e ( tegument ) . Further t h i s drug 
also i n h i b i t s g lucose uptake ind i ca t ing poss ib l e ro l e of 
AChE secre t i on in g lucose uptake mechanism bes ides neuro-
muscular. Since metr fonate i n h i b i t s only one isozyme of 
AChE in G, expl anatum and a l l isozymes i n S. ql obi punctata, 
t h e r e f o r e i t suggests that only i nh ib i t ed isozymes are 
respons ib le f o r the i n h i b i t i o n i n g lucose uptake as 
we l l as f o r the r e v e r s i b l e f l a c c i d pa ra l y s i s . I t can 
be concluded that met r i f ona te can be used against both 
trematodes and cestodes , but the drug i s comparat ively 
more e f f e c t i v e against trematode. 
5 . Oxyclozanide i n h i b i t s MDH a c t i v i t y and u l t ima te l y uncouples 
the o x i d a t i v e phosphorylat ion i n the pa ras i t e s . The drug 
i s more e f f e c t i v e in G, explanatum as compared t o 
g lob ipuncta ta . Thus i t conf irms that oxyc lozanide 
i s b a s i c a l l y a f l u k i c i d e and can be used against amphisto-
mes. 
These i n v e s t i g a t i o n s are qu i t e encouraging and tempt to 
i n f e r that d i f f e r e n t anthelmint ics have various mode of act ions 
i n d i f f e r e n t paras i t es belonging to d i f f e r e n t taxonomic groups. 
The e f f i c a c y of the drugs may also vary in d i f f e r e n t spec ies 
of the same group. These d i f f e r e n c e s are also poss ib l e 
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cor re la ted t o the micro environments of the paras i t es , as 
we l l as t o the pharmacokinetics and pharmacodynamics of a 
p a r t i c u l a r drug. There fo re , f u r t h e r studies are a lso 
required to ascer ta in these b iochanica l e f f e c t s of the 
anthelmint ics under in v i v o cond i t i ons . 
R E F E R E N C E S 
177 
REFhRHNCES 
Abrahams, S . L . , Northup, J .K. & Man sour, T.E. (1976) Adeno-
sine c y c l i c 3 ' ,5 '-monophosphate in the l i v e r f l uke , 
Fasc io la hepat ic a. I . A c t i v a t i o n of adenylate 
cyc lase by 5-hydroxytryptamine. Mol. Pharmacol. 
12: 49-58. 
Agosin, M. & Aravena, L . (1959) Studies on the metabolism 
of Echinococcus granulosus. I I I . G l y c o l y s i s , with 
spec ia l r e f e r ence t o hexokinases and re la ted g l y co -
l y t i c enzymes. Biochim. Biophys. Acta , 34: 90-98. 
Ahmad, M. (1981 ) . E f f e c t of mebendazole on the carbohydrate 
metabolism of A v i t e l l i n a lahorea ( c e s t o d a ) . M .Ph i l , 
D i s s e r t a t i on , Dept. of Zoo logy , A l i ga rh Muslim 
Un i v e r s i t y , A l i g a r h . 
Ahmad, M. 8. Nizami, W.A. (1982) Non - spec i f i c phosphomono-
esterases in A v i t e l l i n a 1 ahorea (Ces toda ) . Indian 
J. P a r a s i t o l . 6: 233-234. 
Ahmad, M. & Nizami, W.A. (1983) Dimethyl su l f ox ide - A sa fe 
drug so lvent f o r in_ v i t r o screening against cestode 
pa ras i t e . Ann. N.Y. Acad. S c i . 411: 347-351. 
Ahmad, M., S idd iqu i , A.A. & Nizami, Yil.A. (1984a) . Changes 
in the l e v e l of phosphatases o f Asca r i d i a q a l l i 
and Cotuqnia digonopora f o l l o w i n g the in v i t r o 
act ion of mebendazole. Indian J . P a r a s i t o l . 8: 
Ahmad, M., S idd iqu i , A.A. & Nizami, W.A. ( i 9 8 4 b ) . In v i t r o 
i n f l u ence of mebendazole on egg production and 
observat ions on ear ly development and emergence 
o f the miracidium of G iqantoco ty l e explanatum. 
Trop. Vet . Anim. Sc i . Res. 1: 
Arabu,.S., Kwa, B.H. 8. Mak, J.W. (1982) Studies on the 
experimental chemotherapy of Anqiostronqylus malay-
si ens is i n f e c t i o n i n ratx w i th mebendazole and 
l e vamiso l e . Trans, ftoyal Soc. Trop. Med, Hyg. 
76: 458-462, 
Annabaeva, G.D., Kur i lenko, R .F . , Soprunova, N.Ya. (1975) . 
The mode of act ion of anthelmint ics on the carbo-
hydrate metabolism of helminths and the biochemical 
d iagnos is of he lminthiases. Antropozoogel mintzy i 
perspekt ivy ikh l i k v i d a t s i i , Moscow, U.S.S.R. 
PP. 97-100. 
178 
Aime, C. & Read, C.P. (1970 ) . A sur face enzyme in Hymenolepis 
diminuta (Ces toda ) . J . P a r a s i t o l . 56: 
Armour, J . (1983 ) . Modem anthelmint ics f o r farm animals. 
I n : Pharmacological bas is of l a r g e animal medic ine. 
( eds. Bogan, J . A . , Lees, P. 8, Y oxa l l , A . T . ) 
Blackwel l S c i e n t i f i c Pub l i ca t i ons , Oxford, U.K. , 
PP. 174-199. 
Atkinson, C . , Newsam, R.J. & G u l l , K. (1980) In f luence of 
the ant imicrotubule agent, mebendazole, on the 
secre tory a c t i v i t y of i n t e s t i n a l c e l l s of Ascar id ia 
q a l l i . Protoplasma, 105: 69-76. ~ 
Awadzi, K. & G i l l e s , H.M. (1980) . The chemotherapy of 
onchocerc ias i s . IV, Further t r i a l s with me t r i f ona t e . 
Ann. Trop, Med, P a r a s i t o l , 74 : 355-362, 
Baginski , E .S , , Foa, P .P , & Zak, B, (1974) Methods f o r 
determinat ion of enzyme a c t i v i t i e s . In : Methods 
o f enzymatic ana lys is , ( e d , Bergmeyer, H ,U . ) , 
Vol . I I , Academic Press , New York. PP. 876-880. 
Bakke, T.A. (1976a). Shape, s i z e and surface topography of 
g e n i t a l organs o f Leucochloridium sp. (D igenea ) , 
revea led by l i g h t and scanning e l ec t ron microscopy, 
2 . Paras i tenkd. 51: 99-113. 
Bakke, T.A.. (1976b) , Functional morphology and surface 
topography of Leucochloridium sp. (D igenea ) , revealed 
by scanning e l e c t ron microscopy. Z. Paras i tenkd. 
51: 115-128. 
Bakke, T .A. (1978 ) . Uroqonimus macrostomus (Rudolphi . 1803) 
(D i genea ) : i t s taxonomy and morphology as revealed 
by l i g h t and scanning e l e c t r on microscopy, Canadian 
J , Zoo l , 56: 2280-2291, 
Bakke, T,A, & L ien, L. (1978) The tegumental sur face of 
Phyllodistomum conostpmum (Olsson. 1876) (D igenea ) 
revealed by scanning e l e c t r on microscopy, I n t , J . 
P a r a s i t o l . 8: 155-161, 
Balasubramaniyam, M,,P,, Ne l la iappan, K, , Ramalingam, K. (1982) 
Charac te r i za t i on of es t e rase isozymes of R a i l l i e t i n a 
te t raqona (Mol in , 1858) (Ces t oda ) , Vet . P a r a s i t o l . 
10: 313-316. 
179 
Baldwin, E. (1943) An in v i t r o method f o r the chemothera-
peutic i n v e s t i g a t i o n of anthelmint ic potency. 
Pa ras i t o l o g y , 35: 89-111. 
Bando, T. (1951) Studies on the mode of ac t ion of some 
anthelmint ics against Asca r i s s u i l l a . Tokyo J. 
Med. Sc i . 59: 39-54. 
Baner jee , D., Mandal, A. & Prakash, 0. (1971) Mebendazole 
(R-17, 635) : A new anthelmintic in the development 
of hookwoims. Trans. R. Soc. Trop. Med. Hyg. 65: 
685-686. 
Baner jee , D. & Prakash, 0. (1972) In v i t r o act ion of a new 
anthelmint ic , mebendazole (R-17, 635) on t h e deve l op -
ment of hookwoims. Indian J . Med. Res. 60: 363-366. 
Barker, L .R . , Bueding, E. & Timms, A.R. (1966) The poss ib l e 
r o l e of a c e t y l cho l i n e in Schistosoma mansoni. 
Br. J . Pharmacol. Chemother. 26 : 656-665. ~ 
B a r r e t t , J . (1976) B i oene rge t i c s in Helminths. I n : 
Biochemistry of Pa ras i t e s and Hos t -Paras i t e 
Re la t ionships ( ed . Van den Bossche, H. ) E l s e v i e r , 
Amsterdam, PP. 67-80. 
Ba r r e t t , J . (1980 ) . Perox idase metabolism in the l i v e r 
f luke , Fasc io la hepat ica . J . P a r a s i t o l . 66: 
697-698. 
Ba r r e t t , J . (1981) Biochemistry of P a r a s i t i c Helminths. 
Macmillan Publ i shers L t d . , London and Basingstoke. 
Bar the l , W.F., Alexander, B.H., Giang, P .A . & H a l l , S.A. 
(1955) I n s e c t i c i d a l phosphates obtained by a new 
rearrangement r eac t i on . J . Amer, Chem. Soc. 77: 
2424-2427. 
Becker, B . , Mehlhom, H., Andrews, P . , Thomas, H. 8. 
Eckert, J . (1980a ) . L i gh t and e l e c t r on microscopic 
studies on the e f f e c t of ,praiquantel on Schistosoma 
mansoni, Dicrocoel ium dendrit icum and Fasc io la "" 
Hepatica (Trematoda) in v i t r o . Z. Paras i tenkd. 
^3: 1133x28. 
1 8 0 
Becker, B. , Mehlhom, H., Andrew, P. & Thomas, H. ( i 980b ) 
Scanning and transmission e l e c t ron microscope 
studies on the e f f i c a c y of praz iquante l on 
Hymenoleps nana (Cestoda ) in v i t r o . Z. Paras i tenkd. 
61: 121-133. 
Becker, B., Mehlhom, H., Andrews, P. 8. Thomas, H. (1981) 
U l t ras t ruc tura l i n v e s t i g a t i o n s on the e f f e c t of 
praz iquente l on the tegument of f i v e spec ies of 
cestodes. Z. Paras i tenkd. 64: 257-269. 
Behm, C.A. & Bryant, C. (1979 ) . Anthelmint ic act ion - a 
metabol ic approach (a r e v i ew ) . Vet . P a r a s i t o l . 
5: 39-49. 
Bennett , C.E. (1975) Surface f ea tures , sensory s t ructures 
and movement of the newly excysted j u v e n i l e FasciQla 
hepatic a L . J, P a r a s i t o l . 61: 886-891. 
Benz, G.W. & Ernst, J .V. (1978) Anthelmint ic a c t i v i t y of 
fenbendazole against g a s t r o i n t e s t i n a l nematodes 
in ca l v e s . Amer. J. Vet. Res. 39: 1103-1105. 
Bergmeyer, H.U. & Bernt , E. (1974) Methods f o r determina-
t i on of enzyme a c t i v i t i e s : Malate dehydrogenase, U-V 
assay. In: Methods of enzymatic ana lys is ( ed , 
Bergmeyer, H.U. ) Vol . 2, Academic Press , New York 
PP. 613-617. 
Bergmeyer, H.U., Gawehn, K. & Grass l , M. (1974) Enzymes 
as biochemical reagents . In : Methods of enzymatic 
analys is ( e d , Bergmeyer, H .U . ) , Vo l , I , Academic 
Press , New York, pp. 425-522, 
Bezubik, B. , Borowik, M.M, & Brzozowska, W, (1978) The 
e f f e c t of Panacur on helminth pa ras i t e s in na tura l l y 
i n f e c t e d lambs. Acta P a r a s i t o l . P o l . 26: 75-82. 
Bhopale, M,K., Menon, S. & Kamath, V.R. (1982 ) . The anthe l -
mint ic e f f e c t s o f mebendazole on Necator americanus 
in rabbit model. (Research No t e ) . J, Helminthol , 
56: 355-356, 
B i l s , R,F, & Martin, W,E, (1966) Fine s t ructure and develop-
ment of the trematode integument. Trans, Amer, 
Micros. Soc, 85: 78-88, 
Bjorkman, N, & T h o r s e l l , W, (1964) On the f i n e s t ructure 
and r eso rp t i v e funct ion o f the c u t i c l e of the l i v e r 
f l uke , Fasc io l a hepat ic a L . Expt, C e l l Res, 33: 
319 - 329. 
181 
Bloom, A. ( i 9 8 i ) Studies of the mode of act ion of me t r i -
fonate and DDVP in sch is tosomes-cho l inesterase 
a c t i v i t y and the hepat ic s h i f t . Acta Pharm. 
Tox i c o l . 49: 109-113. 
Bog i tsh, B.J. & A l d r i d g e , F.F. (1967) Histochemical 
observat ions on Posthodiplostomum minimum. IV. 
Electron microscopy of tegument and associated 
s t ructures . Expt. P a r a s i t o l . 2 l : 1 -8 . 
Boray, J.C. (1969) The anthelmintic e f f i c i e n c y of n ic losa-
mide and menichlopholan i n the treatment of i n t e s -
t i n a l paramphistomosis i n sheep. Aus t , Vet . J , 
45: 133-134. 
Boray, J.C. (1970) . Laboratory t e s t i n g of anthelmint ics 
against trematodes of domestic animals. J. 
P a r a s i t o l . 56: 400-401. 
Boray, J .C . , Happich, F.A. 8. Andrews, J .C. (1965) Tests 
on the anthelmintic e f f i c i e n c y of "Hi lomid" against 
immature and mature Fasc io l a hepat ic a in sheep. 
Vet . Rec. 77: 175-177. 
Borgers , M. S, de N o l l i n , o . (-1975) The u l t r a s t ruc tu ra l 
changes in Asca r i s suum i n t e s t i n e a f t e r mebendazole 
treatment in v i v o . J. P a r a s i t o l . 61: 110-122. 
Borgers , M., de N o l l i n , S . , Verheyen, A . , Vanpar i j s , 0. 8. 
Theinpont, D. (1975) Morphological changes in 
c y s t i c e i x i of Taenia taen iae formis a f t e r mebendazole 
treatment. J . P a r a s i t o l . 61: 830-843. 
Br i cker , C.S. , Depenbusch, J.W., Bennett, J . L . & Thompson, 
D.P. (1983) The r e l a t i onsh ip between tegumental 
d isrupt ion and muscle contract ion in Schistosoma 
mansonj exposed t o var ious compounds. Z . " 
Paras i tenkd. 69: 61-71. 
« 
Br i scoe , M.G. & Coles , G.C. (1980) . The speed of act ion of 
anthelmint ics . Ve t . Rec. 106: 58. 
Broom, A.W. & Jones, W.G.M. (1966) A new drug f o r the 
treatment of F a s c i o l i a s i s in sheep and c a t t l e . 
Nature, 210 : 744-745. 
Brown, M.C., Koura, M., B e l l , D.R. & G i l l e s , H.M. (1973) 
^^ a c t i v i t y monitor f o r schistosomes: 
preTTminary r epo r t . Ann. Trop. Med. P a r a s i t o l . 
67: 369-370. 
240 
Brown, M.C,, Norman, D .F . , B e l l , D. R. & Chavasse, C.J. 
(1978) . A multichannel u l t rason ic a c t i v i t y monitor 
f o r in v i t r o screening of ant ischistosomal drugs, 
Med. '~FioTrTngg. Comput. 16: 408-418. 
Brugmans, J . P . , Thienpont, D.C., van Wijngaarden, I . , 
Vanpar l js , O .F . , Schuermans,^ V.L, S. Lauvvers, H.L. 
(1971) Mebendazole in en t e rob i as i s , radiochemical 
and p i l o t c l i n i c a l study in 1,278 sub jec ts , J . 
Amer. Med. Ass. 217: 313-316. 
Bryant, C. , Cornish, R.A. & Rahman, M.S, (1976) Adenine 
nuc leo t ides as i nd i ca t o r s of anthelmintic e f f i c a c y . 
In : Biochemistry of Pa ras i t e s and Hos t -Paras i t e 
Re lat ionships ( e d . Van den Bossche, H . ) , E l s e v i e r / 
North-Hoi land. Biomedical Press , Amsterdam, 
PP. 599-604. 
Bueding, E, & Mackinnon, J .A . (1955) Hexokinases of 
Schistosoma mansoni. J . B i o l . Chem. 215: 495-506, 
Bueding, E,, L iu , C.L. & Rogers, S,H. (1972) I n h i b i t i o n 
by me t r i f ona te and d i ch l o r vos of cho l ines t e rases in 
schistosomes. B r i t . J . Pharmacol. 46: 480-487. 
Burton, P. R. (1964) The u l t ras t ruc ture of the integument 
of the f rog l ung - f l uke , Haematoloechus medioplexus 
(Trematoda:Pl a g i o r c h i i d a e ) . J . Mofphol. 115: 
305-318. 
Castanheira, E.B, , G a z z i n e l l i , G. 8. F igue i redo , E.A, (1981) 
A c t i v i t i e s and e l e c t r opho r e t i c pat terns of some 
enzymes invo lved in g lucose metabolism of 
Schistosoma man so ni i n r e l a t i on t o age and host 
o r i g i n . Comp. Biochem. Phys i o l . 68B: 467-472. 
Cav ie r , R. & Savel , J. (1952) La synthese de g lycogene a 
p a r t i r de quelques g luc ides et de c e r t a ins de l eurs 
de r i v e s par 1 ' Ascar i s du Po r e . , Ascar i s lumbricoides 
( L i n n e ' , 1758). C. r . Seanc, Soc, B i o l . 234: 
2562-2564, 
Chaia, G, S, Cunha, A .S . da, (1971) Therapeutic ac t ion of 
mebendazole (R-17, 635) against human he lmin th ias i s . 
A Folha Medic a, 64: 67-76. 
Chance, M.R.A. & Mansour, T.E. (1949) A kymographic study 
of the act ion of drugs on the l i v e r f l uke ( F a s c i o l a 
hepat ic a ) , B r i t . J . Pharmacol. 4: 7-13. 
1 8 3 
Chance, M.R.A^, S. Mansour, T .£ . (1953) h con t r i bu t i on t o 
the phaxmacology o f the l i v e r f l u k e . B r i t . J . 
Pharmacol. 8 : 134-138. 
Chevis, R.A. F. (1980) The speed of ac t ion of anthe lmint icg : 
Mebendazole. Vet . Rec. 107: 398-399. 
Coles, G.C. (1970) A comparison of some isoenzymes of 
Schistosoma mansoni and Schistosoma haematobium. 
Comp. Biochim. Phys i o l . 33: 549-588. 
Co les , G.C. (1971) Var i a t i ons in malate dehydrogenase 
isoenzymes of Schistosoma mansoni. Comp. Biochem. 
Phys i o l . 30B: 35-42. 
Coles , G.C. (1975) The response of Schistosoma mansoni 
maintained in v i t r o t o sch is tosomic ida l compounds. 
J . Helminthol . 49: 205-209. 
Coles, G.C. (1977) The biochemical mode o f ac t ion of some 
modern anthe lmint ics . P e s t i c . S c i . 8: 536-543. 
Co les , G.C. (1979) The e f f e c t of p raz iquente l on Schistosoma 
mansoni. J . He lminthol . 53: 31-33. 
Co les , G.C., Br i s coe , M.G. , 
(1980) A ptent new 
Fasc io la hepat ic a. 
Ea ls in , M.A. 8. Forsyth, B.A. 
s a l i c y l a n i l i d e e f f e c t i v e against 
Res. Vet . S c i . 28: 263. 
Co les , G.C., East, J.M. & Jenkins, S.M. (1974) Mode of 
act ion o f f o u r anthe lmint ics . Exper i en t i a , 30: 
1265-1266. 
Co les , G.C. & Mc N e i l l i e , R.M. (1977) D i e t a r/ f eed ing of 
drugs f o r 5 days t o mice i n f e c t e d with Nematospiroides 
dubius and Hymenolepis nana, de t ec t ed a l l modem 
anthelmint ics examined except s t i lbaz ium; simple t e s t 
using N. spa th iqe r eggs and Nippostrongy jus 
b r a s i l i e n s i s adults t o d e t e c t anthe lmint ics i n v i t r o . 
J . Helminthol . 51: 323-326. 
Comley, J.C.W, (1980) U l t r a s t ruc tu r e of the i n t e s t i n a l 
c e l l s of A s p i c u l u r i s t e t rapt era a f t e r U\ v i v o 
treatment""oi mice with mebendaFole and th iabendazo le . 
I n t . J. P a r a s i t o l . 10: 143-150. 
Conde Del P ino, E. , P e r e z - V i l a r , M., C in t ron-R i ve ra , A .A . 8. 
Sener i z , R. (1966) Studies in Schistosoma mansoni 
I . Mal ic and l a c t i c dehydrogenase of adult woirns and 
c e r ca r i a e . Expt. P a r a s i t o l . 18 : 320-326. 
I S 
Conder, G.A. , Marchiondo, A.A, & Andersen, F .L . (1981^ 
E f f e c t of praz iquante l on adult Echinococcus -
granulosus in v i t r o ; scanning e l e c t r on microscopy, 
Z. Para s i t enkd. 66: 191-199. 
Coiba, J . , L i e t a va , P . , Duwel, D. & R e i s e n l e i t e r , R. (1979a) 
E f f i c a c y of fenbendazole against the most important 
trematodes and cestodes of ruminants. B r i t i s h 
Vet . J . 135: 318-323. 
Corba, J . , Legeny, J . , Krupicer , I . , Pacenovsky, j . & S t o f f a , 
P. (1979b) E f f i c a c y of some anthe lmint ics in 
paramphistomatidosis ( l i o r c h o s i s ) of c a t t l e . 
Helmintholog ia , 16: 217-229. 
Goiba, J . , Pacenovsky, J . , Krupicer , I . , Breza, M., 
Popov ic , S. & Re isz , T. (1976) "The e f f i c a c y of 
oxyc lozanide in c a t t l e na tu ra l l y i n f e c t e d by 
L i o r c h i s s c o t i a e " . Vet, Med. Praha, 21- 461-465. 
Co ibe t t , J .R. & Goose, J. (1971) A pos s i b l e biochemical 
mode of act ion of the f a s c i o l i c i d e s n i t r o x y n i l , 
hexachlorophene and oxyc lozan ide . P e s t i c . Sc i . 
2 : 119-121, 
Cornish, & Bryani:, C, (1976) Ghagges i n energy meta-
bolism due t o anthelmint ics in Fasc io l a hepatic a 
maintained in v i t r o . I n t . J . P a r a s i t o l . 6: 393-398. 
Cornish, R.A. , Behm, C,A. , Bu t l e r , R.W. & Bryant, C. (1977) 
The jM v i t r o e f f e c t s of ra foxan ide on the energy 
metabolism of Fasc io la hepa t i ca . I n t . J . P a r a s i t o l . 
7: 217-220. 
Crane, R.K. & So ls , A. (1953) The assoc ia t i on of hexokinase 
with p a r t i c u l a t e f r ad t i o ns of bra in and o ther t i s sue 
homogenates. J . B i o l . Chem, 203: 273-292, 
Csaky, T ,Z . (1965) Transport through b i o l o g i c a l membrane. 
Annu. Rev. Phys i o l . 27: 415-450, 
Davies, C, (1979) The forebody glands and sur face f ea tures 
of the metacerc ar i ae and adults of Microphal lus 
s i m i l i s . I n t . J . P a r a s i t o l . 9: 553-564. 
Davis, B.J. (1964) Disc e l e c t rophores i s I I . Methods and 
app l i ca t i on to serum p ro t e in . Ann. N.Y, Acad, 
Sc i . 121: 404-427, 
1 8 5 
Denham, D.A. 8. Holdsworth, R.J. ( i 9 7 i ) The e f f e c t of me t r i -
f onate in v i t r o on Schistosoma haematobium and 
S, mansoni adul ts . Trans. R."~Soc. Trop. Med. Hyg. 
65: 969. 
de N o l l i n , S. & Van den Bossche, H. (1973) Biochemical 
e f f e c t s of mebendazole on T r i c h i n e l l a s p i r a l i s 
l a r v a e . J . P a r a s i t o l . 59: 970-976. 
de N o l l i n , S . , Borgers , M., Vanpar i j s , 0. & Van den Bossche, 
H. (1974) E f f e c t s of mebendazole on the encysted 
phase o f T r i c h i n e l l a s p i r a l i s in the r a t ; an e lectron-
microscope study. P a r a s i t o l o g y , 69: 55-62. 
de Moura, R.S. & Rozental , R. (1983) Schistosoma mansoni; 
new method f o r recording motor a c t i v i t y _in v i t r o . 
Expt. P a r a s i t o l . 56: 314-317. 
Dhandayuthapani, S , , Balasubramanian, M.P. , Nel la iappan, K . , 
Ramalingam, K. (1983) Isozyme pattern o f l a c t a t e 
and malate dehydrogenases of Gastrothylax c iumeni fe r 
(Trematoda: Amphistomatidae) from d i f f e r e n t hosts . 
Vet . P a r a s i t o l . 12: 65-69. 
Dike, S.C. & Read, C.P. (1971) Re la t ion o f tegumentary 
phosphohydrol ase and sugar t ransport in Hymenolepis 
diminuta. J. P a r a s i t o l . 57: 1251-1255. 
Dubey, J .P . , M i l l e r , T.B. 8. Sharma, S .P . (1979) Fenbendazole 
k e l l i c o t t i i n f e c t i o n in dogs. J. Amer. Vet . Med. 
Assoc. 174: 835-837. 
Durrani, M.S. , Nawaz, M. & Chaudary, N.T. (1982) Studies 
on s p e c i f i c i n h i b i t o r s and substrates of cho l ines -
t e rases o f Fasc io la g i g antic a from c a t t l e and 
b u f f a l o e s . Zent. Veter ina . B, 8 : 636-641. 
0 
Durrani, M.S. , Nawaz, M. 8. Chaudhry, N . I . (1983) . S p e c i f i c 
i n h i b i t o r s and substrates s tud ies on the cho l ines -
t e rases of Fasc io l a g ig antic a from sheep and goats . 
Cel . Mol. B i o l . 2 9 : 49-52. 
Dutt, S.C. (1980) Paramphistomes and paramphistomiasis of 
domestic ruminants in Ind ia . Report , Punjab 
Ag r i cu l tu r e Un i v e r s i t y , Ludhiana, Ind ia . 
Duwel, D. (1976) Panacur-die entwicklung eines neven 
breitband-anthelminthikums. Die Blanen He f t e Nr. 
55: 189-203. 
244 
Duwel, D. (1977) Panacur - the development o f a new broad -
spectrum anthelmint ic . The Blue Book f o r the Vet . 
P r o f e s s i on , 27: 237-251. 
Duwel, D. (1979) Zur ov i z iden und l a r v i z i d e n wirksamkeit 
von Panacur. Die Blauen H e f t e , 59: 441-452. 
Eduardo, S .L . (1980a) B i l a t o r c h i s p a p i l l o q e n i t a l i s n . q . , sp. 
(Paramphistomidae:Orthocoe l inae ) , a pa ras i t e of the 
red lechwe (Kobus l eche Gray, 1850) from Zambia. 
Syst . P a r a s i t o l . 1: 141-149. 
Eduardo, S .L . (1980b) Orthocoelium indonesiense. a new 
spec ies o f amphistome from ruminants i n Indonesia , 
Sys t . P a r a s i t o l . 1: 203-210. 
Eduardo, S.L. (1980c) A new genus, L e i p e r o c o t y l e , f o r 
CotylophoTOn okapi Le ipe r , 1935 and C. conqolense 
Baer, 1936 anS" r edesc r ip t i on of C. p^api . Syst . 
P a r a s i t o l . 1: 255-263. 
Edwards, S ,R . , Campbell, A . L . , Sheers, M., Moore, R.J. & 
Montague, P.E. (1981) Studies of the e f f e c t of 
diamphenethide and oxyclozamide on the metabolism 
of Fasc io la hepat ic a. Mol. Biochem. P a r a s i t o l . 2 : 
323-338. 
Ehrl ich, P. (1909) Ber. Dtsch. Chem. Ges. 42: 17 as quoted 
by Mansour, I . E . (1979) , Sc ience , 205: 462-469. 
Erasmus, D.A. (1957a) Studies on phosphatase system of 
ces todes . I . Studies on Taenia p i s i f o i m i s 
( c y s t i c e r c u s and adu l t ) . P a r a s i t o l o g y , 47: 70-80, 
Erasmus, D.A. (1957b) Studies on phosphatase system of 
ces todes . I I . Studies on Cys t i cercus t e n u i c o l l i s 
and Moniezia expanse ( adul^X! P a r a s i t o l o g y , 47: 81-91, 
Erasmus, D.A. (1967) The hos t -pa ras i t e i n t e r f a c e of 
Cyathocoty le bushiensis Khan, 1962 (Trematoda: 
S t r i g e o i d a e ) . I I . E lectron microscope studies of 
the tegument, J . P a r a s i t o l . 53: 703-714, 
Erasmus, D.A. (1970) The hos t - pa ra s i t e i n t e r f a c e of s t r i g e o i d 
trematodes. IX: A probe and transmission e l e c t r on 
microscope study of the tegument of Diplostomulum 
phoxini Faust, 1918. P a r a s i t o l o g y , 61: 35-41. 
187 
Erasmus, D.A. (1977) The hos t -pa ras i t e i n t e r f a c e of 
trematodes. In : Advances in Pa ras i t o l o gy ( ed. 
Dawes, B. ) Academic Press , London and New York, 
15: 201-242. 
Erasmus, D.A. & Ohm an, C. (1963) The s t ructure and func t i on 
o f the adhesive organ in s t r i g e i d trematodes. Ann. 
N.Y. Acad. S c i . 113: 7-35. 
Fairweather, I . , Holmes, S.D. & Threadgold, L . T . (1983) 
Fasc io la hepat ic a : a technique f o r monitoring 
in v i t r o m o t i l i t y . Expt. P a r a s i t o l . 56: 369-380. 
Fa i iweather , I . , Holmes, S.D. 8, Threadgold, L . T . (1984) 
Fasc io la hepatic a : M o t i l i t y response to f a s c i o l i c i d e s 
in v i t r o . Expt. ~Fa ras i t o l . 57: 209-224. 
Farooq, R. & Farooqi , H.U. (1983) Histochemical l o c a l i z a t i o n 
o f es terases in A v i t e l l i n a 1 aho re a Woodland, 1927 
(Cestoda : Anoplocephal ida ) , " j . Helminthol . 57: 
39 -42. 
Farooq, R. 8, Farooqui, H.U. (1984) Histochemical l o c a l i z a t i o n 
of phosphomonoesterases i n A v i t e l l i n a lahorea Vi/oodland, 
1927 ( Cestoda:Anoplocephal id a ) . J . Helminthol . 58: 
169-172. 
Fernando, S.S.E. & Denham, D.A. (1976) The e f f e c t o f 
mebendazole and fenbendazole on T r i c h i n e l l a s p i r a l i s 
in mice. J . P a r a s i t o l , 62: 874-876. 
F e t t e r e r , R.H., Pax, R.A. & Bennett, J . L . (1977) Schistosoma 
mansoni : d i r e c t method f o r simultaneous recording 
o f e l e c t r i c a l and motor a c t i v i t y . Expt. P a r a s i t o l . 
43: 286-294. 
F e t t e r e r , R.H., Pax, R.A., Strand, S. & Bennett, J . L . (1978) 
Schistosoma mansoni : phys ica l and chemical f a c t o r s 
a f f e c t i n g the mechanical p r ope r t i e s o f the adult 
male musculature, Expt. P a r a s i t o l , 46: 59-71, 
F e t t e r e r , R.H., Pax, R.A. & Bennett, J . L . (1980) P raz iquante l , 
potassium and 2 ,4 -d in i t ropheno l : analys is of t h e i r 
act ion on the musculature o f Schistosoma mansoni. 
Europ. J . Pharmacol. 64: 31-38. 
F e t t e r e r , R.H., Pax, R.A. 8. Bennett, J . L . (1981) Na"'' - K"^  
t ranspor t , m o t i l i t y and tegumental membrane po t en t i a l 
in adult male Schistosoma mansoni. P a r a s i t o l o g y , 82: 
97-109. 
159 
F io ravant i , C. & Saz, H. (1980) Energy metabolism of adult 
Hymenolepis diminuta. I n : B io l ogy o f the tapeworm 
Hymenolepis diminuta ( ed . A ra l , H . ) , Academic Press , 
New YorlC~pp. 463-504. 
Fisher, F.M., J r . 8. Read, C.P. (1971) Transport of sugars 
in the tapewoim Cal l iobothrium v e r t i c i l l a t u m . B i o l . 
Bu l l . 140: 46-62. 
Foreyt , W.J. & Todd, A.C. (1973) Ac t ion of oxyc lozan ide against 
adult Fasc io l o ides magna (Bass i , 1875) i n f e c t i o n s in 
whi te t a i l e d deer . J . P a r a s i t o l . 59: 208-209. 
Fripp, P . J . (1967) The s i t e s o f ( 1 - "^ '^ C) g lucose ass imi la t i on 
Schistosoma haematobium. Comp. Biochem. Phys i o l . 
23: 893-998. 
Fuj ino, T . , Threadgold, L .T . & I s h i i , Y. (1983) Phosphatases 
u l t racy tochemica l l y observed in j u v e n i l e s and adults 
Fasc io la hepat ica . Jap. J . P a r a s i t o l , 32: 1-12. 
Georgiev , B . , Giuev, A. (1979) E f f e c t i v e n e s s of l e vamiso l e 
and oxyc lozanide against paramphistomids in sheep 
and cows. Proc. XXI World Ve t . Cong. Vol . I I . 
P a r a s i t o l o g y , 15. 
G r a f f , D.J. (1970) Separation o f a s i n g l e t i s sue sample 
i n t o i t s major chemical components. In : Experiments 
and Techniques in Pa ra s i t o l o g y ( eds . Maclnnis, A .J . 
& Voge, M. ) , Freeman, San Francisco pp. 171, 
Guilhon, J. (1968) Anthelmint ics i n current use in helmin-
t h i a s i s o f ruminant domestic animals. Maroc. Med. 
48: 633-642. 
Gunn, A. & Prober t , A .J . (1981) Moniez ia expansa; subce l lu l a r 
d i s t r i b u t i o n , k ine t i c p r o p e r t i e s o"f AChE and e f f e c t s 
o f i n h i b i t o r s and anthe lmint ics . Expt. P a r a s i t o l . 
51: 373-381. 
Gunn, A. & P i obe r t , A .J . (1983) Moniezia exyansa: the 
i n t e r p r o g l o t t i d a l glands "and t h e i r s ec r e t i ons . 
J . Helminthol . 57: 51-58. 
Gupta, S .P . 8, Gupta, R.C. (1977) Phosphatase a c t i v i t y in 
Ganeo tiqrinum from Rana t i q r i n a . Z. Parasitenkd . 
54: 89-94. 
Gupta, S. 8. Ka t i yar , J .C. (1983) Comparative a c t i v i t y of 
ant icestode diugs - p raz iquante l , nic losamide and 
compound 77-6, against Hymenolepis nana. J . 
Helminthol . 57: 31-36. 
1 8 9 
Gupta, A .N. & Shaima, P.N. (1974) Histoenzyniological s tudies 
of d i gene t i c trematodes of v e r t eb ra t es ( s e r i e s i ) . 
Acta Morphol. Neer l -Scand. 12: 61-78. 
Gut te r idge , W.E. (1982) Chemotherapy. In ; Modern P a r a s i -
t o l o g y . ( e d . Cox, F .E.G. ) Blackwel l S c i e n t i f i c 
Pub l i ca t i ons , Oxford, London, Edinburgh, Boston 
and Melbourne. PP. 287-318. 
Hal ton, D.W. (1967) Histochemic al s tudies of ca rboxy l i c 
es te rase a c t i v i t y in Fasc io la hepat ic a. J . 
P a r a s i t o l . 53: I 2 i 0 - I 2 l 6 . 
Halton, D.W, (1982) Morphology and u l t r a s t ruc tu r e of 
pa ras i t i c helminths. In : Pa ra s i t e s - The i r world 
and ours. ( eds . Met t r i ck , D. F. & Desser, S.S. ) 
E l s e v i e r Biomedical Press , Amsterdam, PP. 60-69. 
Hanna, P l . E . B . ( 1 9 7 5 ) Fasc io la hepat i ca ; an e l ec t ron 
microscope autorad iogra '^ i c study of pro te in 
synthesis and secre t ion by gut c e l l s i n t i s sue 
s l i c e s . Expt. P a r a s i t o l . 3 8 : 1 6 7 - 1 8 0 . 
Hanna, R.E.B. (1976) Fasc io la hepat i ca : a l i g h t and e l e c t r on 
autoradiographic study of s h e l l - p r o t e i n and glycogen 
synthesis by v i t e l l i n e f o l l i c l e s in t i s sue s l i c e s . 
Expt. P a r a s i t o l . 39: 18-28. 
Hanna, R.E.B, (1980) Fasc io la hepat i ca : Autoradiography of 
p ro te in synthes is , t ransport and sec re t i on by the 
tegument. Expt. P a r a s i t o l . 50: 297-304. 
Harper, H.A. (1977) Review of phys i o l o g i c a l chemistry 
( I n Czech . ) . Publ ishing House "Avicenum", Praha. 
Harr is , H. & Hopkinson, D.A. (1976) Handbook of enzyme 
cxCOcrophoresis in human g ene t i c s . North-Holland 
Publ ishing Company, Amsterdam, Oxford, American 
E l s e v i e r Publ ishing Company, New York. i i 
Harrow, W.T. (1969) S t i l e s i a i n f e s t a t i o n in sheep. 
Rec. 84: 564. 
Vet . 
Haque, M. (1980) Comparative biochemical and 
s tud ies on some d i g ene t i c trematodes. 
A l i g a r h Muslim Un i v e r s i t y , Ind ia . 
histochemic al 
Ph.D. Thes is , 
1 9 0 
He f f e r en , P.M. 8. Howell , R.R. (1977) Genetic evidence 
f o r the common i d e n t i t y o f g lucose-6-phosphatase, 
pyrophosphate g lucose phosphotransferase and 
inorganic pyrophosphatase. Biochim. Biophys. 
Ac ta . 496: 431-435. 
Henry, W., G i r g i s , N . I . 8. Mansour, N. S. (1976) In v i t r o 
s tudies on the use of p en i c i l l am ine with t a r t a r 
emetic against Schistosoma mansoni worms. Ann. 
Trop. Med. P a r a s i t o l . 70 : 425-429 7 
Hestr in , S. (1949) The react ion of a c e t y l cho l ine and o the r 
ca rboxy l i c acid d e r i v a t i v e s w i th hydroxylamine, and 
i t s ana ly t i ca l app l i ca t i on . J . B i o l , Oh em., 180: 
249-261. 
Hillman, G. fl. (1979) An improved e l e c t r on i c a c t i v i t y 
monitor f o r schistosomes. J . Pharmacol. Meth. 
2: 21-27. 
Hillman, G. R. & Sen f t , A.W. (1973) Schistosome m o t i l i t y 
measurements: Response t o drugs. J . Pharmacol. 
Exp. Ther. 185: 177-184. 
Holmstedt, B., Nordgren, I . , Sandoz, M. & Sundwall, A. 
(1978) Review a r t i c l e : M e t r i f o n a t e , Summary of 
t o x i c o l o g i c a l and pharmacological in fo imat ion 
a va i l ab l e . Arch. T o x i c o l . 41: 3-29. 
Hopkins, C .A . , Grant, P.M. 8. S t a l l ard, H. (1973) The e f f e c t 
o f oxyc lozanide on Hymenolepis microstoma and 
H. diminuta. P a r a s i t o l o g y , 66: 355-365, 
Horak, I , G . (1962) Studies on paramphistomiasis. IV. 
Modi f i ed c r i t i c a l and c o n t r o l l e d anthelmintic t e s t s 
on the con ica l f l uke Paramphistomum microbothrium. 
J ,S. A f r . Vet. Med. Assoc . , 33: 203-208. 
Horak, I .G . (1964) Studies on paramphistomiasis, VI. The 
anthelmintic e f f i c a c y of L in t ex anf Freon against 
Paramphistomum spp. in sheep and c a t t l e . J .S . A f r , 
Vet. Med. Assoc. 35: 161-66. 
Jewsbury, J .M. , Homewood, C.A. 8. Marshal l , I . (1977) Inexpen-
s i v e apparatus f o r measuring a c t i v i t y o f Schistosoma 
maneoni in v i t r o . Trans. R. Soc. Trop. MeS". Hyg. , 
71: l i s . 
1 9 1 
Kammerer, W.S. 8. M i l l e r , K.L. (1981) Echinococcus granulosus; 
permeabi l i ty of hydatid cys ts to mebendazole i n mice. 
I n t . J. P a r a s i t o l . l i : 183-185. 
K e l l y , J .D. , Chevis, R.A.F, 8. Goodman, H.T. (1975) E f f e c t 
of p a r t i c l e s i z e on the anthelmintic e f f i c a c y of 
mebendazole against Nippostronqylus b r a s i l i e n s i s 
in the ra t . I n t . J. P a r a s i t o l . 5: 275-280. 
l a e l l e y , W.W. (1972) Mg-act ivated muscle AlPases. In : 
"Methods in Enzymology ( e d . Co l l ow ick , S.P. 8. 
Kaplan, N.O. ) Vol . I I . Academic Press, New York, 
pp. 588-591. 
Kim, R .A . , Lukacs, J . , Tanaka, R.D. & Maclnnis, A. (1981) 
E f f e c t s of hycanthone and praz iquante l on monoamine 
oxidase and cho l ines t e rases in Schistosoma mansoni. 
J . P a r a s i t o l . 67: 20-23, 
Kohler , P. & Bachmann, R. (1980) The poss ib l e mode of 
act ion of mebendazole in Asca r i s suum. In : The 
Host - Invader I n t e rp l a y . ( ed. Van den Bossche, H. ) , 
North-Hol land, Amsterdam, PP. 727-730. 
Kohler , P. S. Bachmann, R. (1981) . I n t e s t i n a l tubul in as 
poss ib l e t a r g e t f o r the chemotherapeutic ac t i on of 
mebendazole i n pa ras i t i c nematodes. Mol. Biochem. 
P a r a s i t o l . 4: 325-336. 
Kohn, A . , Lopez -A lvarez , M.L. & K a t z , N. (1982) Transmission 
and scanning e l ec t ron microscop ica l studies on the 
tegument of male Schistosoma mansoni a f t e r oxamini-
quine treatment. Ann, P a r a s i t o l . Hilm. Comp. 57: 
285-291. 
Komuniecki, R.W. 8. Roberts, L .S . (1977) Hexokinase from 
the rat tapeworm, Hymenolepis diminuta. Comp, 
Biochem. Phys i o l . 57B: 45-49. 
Krishna, G.V.R. (1981) Esterase l o c a l i z a t i o n and nervous 
system in Echinostoma revolutum. Indian J. 
P a r a s i t o l . 5: 191-193. 
Kuntz, R.E, , Tul loch, G.S . , Davidson, D.L, & Huang, T. (1976) 
Scanning e l e c t r on microscopy of integumental surface 
Schistosoma haematobium. J . P a r a s i t o l . 62: 
6 3 - ^ . 
1 9 2 
L a c l e t t e , J . P . , Merchant, M.T. , Wilbus, K» 8. Canedo, L . 
( i 9 8 i ) P a r a c r y s t a i l i n e bundles o f l a r g e tubules , 
induced i j i v i t r o by mebendazole i n Cyst icercus 
c e l l u l o s a e . . Pa ras i t o l ogy , 83: 513-518, 
Lebrun, A. 8. Ce r f , C. ( i 9 6 0 ) Note p r e l im ina i r e sur l a 
t o x i c i t e pour I'homrae d 'un i n s e c t i c i d e organophos-
phore ( D i p t e r e x ) . Bu l l . Wld. H l th . Org. 22; 
579-581. 
Lee , D.L. (1966) The s tructure and composit ion of the 
helminth c u t i c l e . In ; Advances in Pa ras i t o l o gy 
( e d . Dawes, B . ) Vol . IV , Academic P ress , New York, 
PP. 187-254. 
Lee, R.M. (1973) The r e l a t i onsh ip between b i o l o g i c a l 
act ion and structure f o r some f a s c i o l i c i d a l s a l i c y -
l a n i l i d e s . P a r a s i t o l o g y , 67: X I I I - X I V . 
L i e n e r t , E. (1963) Diaphene i s t im " L e b e r e g e l t e s t " Fasc io la 
hepat ic a - wirksam. Arch. Expt, Veter ianaer . Med. 
17: 101-104. 
L loyd , G.M. 8. B a r r e t t , J . (1983) Fasc io la hepat ica ; 
Carbohydrate metabolism of the adult". Expt. 
P a r a s i t o l . 56: 81-88. 
Lopez-Lopez, iW.C. , Hermoso, R. , Monteo l iva , M. (1982) 
Isozymes of cho l ines t e rase and t h e i r i n h i b i t i o n 
by organophosphorus p e s t i c i d e s in Moniezia expanse, 
Fasc io la hepat ica and Dicrocoel ium dendri t icum. "" 
Rev is ta I b e r . P a r a s i t o l . Spec ia l Volume: 291-300. 
Lorenz, Vi/., Hengein, A. & Schrader, G. (1955) The new 
i n s e c t i c i d e 0, O-dimethyl-2, 2 , 2 - t r i c h l o r o - l - h y d r o x y -
ethyl phosphonate. J . Amer. Chem. Soc. 77: 2554-2556. 
Lowry, O.H. , Rosebrough, N .J . , Farr , A .L . 8. Randall, R.J. 
(1951) P ro t e in measurement with f o l i n phenol reagent, 
J . B i o l . Chem. 193: 266-275. 
Lueck, J . D . , Herrman, J .L . 8. N o r d l i e , R.C. (1972) General 
k ine t i c mechanism of microsomal caitoanyl phosphate 
g lucose phosphotransferase, glucose-6-phosphatase 
and o ther associated a c t i v i t i e s . Biochemistry , 11: 
2792-2799. 
Lumsden, R,D. (1975) P a r a s i t o l o g i c a l Review: Surface 
u l t r a s t ruc tu r e and cytochemistry o f pa ras i t i c 
helminths. Expt, P a r a s i t o l . 37: 267-339. 
1 9 3 
Lwin, T. & Prober t , A .J . (1975) E f f e c t of c e r t a in f a s c i o -
l i c i d e s on malate dehydrogenase a c t i v i t y in Fasc io la 
hepat ic a; a poss ib l e biochemical mode of act ion of 
hexachlorophene and oxyc lozan ide , P e s t i c . Sc i . 6: 
121-128. 
Malkin, M, & Camacho, R. (1972) The e f f e c t of th iabendazo le 
on fumarate reductase from th iabendazo l exsens i t i v e 
and r es i s tan t Haeinonchus contortus. J. P a r a s i t o l , 
58: 845-846. 
Mansour, T.E, (1957) The e f f e c t of l y s e r g i c acid d i e t h y l -
amide, 5-hydroxytryptamine and r e l a t ed compounds 
on the l i v e r f l u k e , Fasc io l a hepatic a. B r i t . J, 
Pharmacol. 12; 406-409. 
Mansour, T.E. (1959) Studies on the carbohydrate aietabolism 
o f the l i v e r f luke Fasc io la hepat ic a. Biochim. 
Biophys. Acta , 34: 456-464. 
Mansour, T.E. (1979) Chemotherapy of p a r a s i t i c worms; New 
biochemical s t r a t e g i e s . Sc i ence , 205: 562-569. 
M a r i n e t t i , G. V. (1962) Chromatographic separat ion, i d e n t i -
f i c a t i o n and ana lys is of phosphatides. J. L ip id 
Res. 3: 1-20. 
McCracken, R.O. 8. Tay lo r , D.D. (1978) Biochemical e f f e c t s 
of fenbendazole on Hymenalepis diminuta. Amer. Soc. 
P a r a s i t o l o g i s t 53rd Ann. Meet ing, Chicago/l l-USA, 
P. 75, 
McCracken, R.O. & Tay lor , D.D. (1983) Biochemical e f f e c t s 
of fenbendazole on Hymenolepis diminuta in v i v o . 
I n t . J . P a r a s i t o l . 13: 267-272. 
McManus, D.P. & Smyth, J.D. (1979) I s o e l e c t r i c focuss ing 
o f some enzymes from Echinococcus granulosus (horse 
and sheep s t r a ins ) and" E. m u l t i l o c u l a r i s . Trans. 
R. Soc. Trop. Med. Hyg. 73: 259-265. 
Mehlhom, H., Becker, B., Andrews, P . , Thomas, H. 8. Frenkel , 
J .K. (1981) ^ v i v o and j j i v i t r o experiments on 
the e f f e c t s of praz iquante l on Schistosoma mansoni. 
Arzneim. Forsch. 31: 544-554. "" 
1 9 4 
Mehlhorn, H., Kojima, S. , Rim, H .J . , Ruenwongsa, P . , 
Andrews, p . , Thomas, H. & Bunnag, B. (1983) 
U l t ras t ruc tura l i n v e s t i g a t i o n s on the e f f e c t s of 
praziquantel on human trematodes from As i a : 
Clonorchis s inens i s , Metagonimus yokoqawai, 
Qpisthorchis v i v e r r i n i , Paraqonimus westeimani and 
Schistosoma japonicum. Arzneim. Fors'ch., 33; 
91-98. 
M e l l i n , T .N . , Busch, R.D., W^ng, C.C. & Kath, G. (1983) 
Neuropharmacology of the paras i t e trematode, 
Schistosoma mansoni. Amer. J . Trop. Med, Hyg. 
32 : 83-93. 
M i l l e r , F .H. , Tu l loch, G»S, & Kuntz, (1972) Scanning 
e l e c t r on microscopy of integumental sur face of 
Schistosoma mansoni. J. P a r a s i t o l , 58: 693-698. 
Moczon, T. (1974) Histochemical studies on the enzymes 
of Hvmenolepis diminuta ( R j d . 1819) (Ces toda ) . IV. 
Non"specific and s p e c i f i c phosphatases in a mature 
pa ras i t e . Acta P a r a s i t o l . P I . 22: 323-329. 
Moon, T.W., Hulbert , W.C., Mustafa, T. & Met t r i c k , D.F. 
(1977) A study o f l a c t a t e dehydrogenase and malate 
dehydrogenase i n adult Hvmenolepis diminuta 
(Ces toda ) . Comp. Biochem. Phys io l .""56B: 249-254. 
Mor r i s , G.P. (1973) Scanning e l e c t ron micioscopy of 
trematodes embedded f o r transmission e l e c t r on 
microscopy. J. P a r a s i t o l . 59: 806-809. 
Morr is , G.P. & Threadgold, L , T . (1968) U l t ras t ruc ture of 
the tegument of adu l t Schistosoma mansoni. J, 
P a r a s i t o l . 54: 15-27. 
Muz za r e l l i , R.A.A. (1977) Ch i t in . Pergamon Press , Oxford. 
Nadakavukaren, M.J. & NolLen, P.M. (1975) A scanning 
e l ec t ron microscopic i n v e s t i g a t i o n of the oute r 
sur face of Gorqoderina attenuata. I n t . J. 
P a r a s i t o l . 5: 591-595. 
N a j j a r , V.A. (1948) The i s o l a t i o n and p roper t i e s of phos-
phoglucomutase. J . B i o l . Chem. 175: 281-290. 
N a t o f f , I . L . (1969) The pharmacology of the cho l inocep to r 
i n muscle preparat ions of Ascar i s lumbrico ides var . 
suum. B r i t . J. Pharmacol. 37: 251-257. 
1 9 5 
Nechay, B.R. (1977) Biochemical bas is of d i u r e t i c ac t ion . 
J . C l in . Pharmacol. 17: 626-641, 
Nechay, B .R. , Hil lman, G. R. & Dotson, M.J. (1980) Proper -
t i e s and diug s e n s i t i v i t y of adenosine tr iphosphatases 
from Schistosoma mansoni. J . P a r a s i t o l , 66: 
596-600. 
Nimmo-Smith, R.H, & Standen, O.D. (1963) Phosphomonoes-
t e rases of Schistosoma mansoni. Expt. P a r a s i t o l . 
13: 305-322. 
Nizami, W.A. , S i d d i q i , A.H. & Is lam, M.W, (1977) Quantita-
t i v e studies, on ace t y l cho l ines t e rase in seven 
species o f d i g ene t i c trematodes. Z. Paras i tenkd. 
52: 275-280. 
No l l en , P.M. (1968) Uptake and incorporat ion of g lucose , 
t y ros ine , l euc ine , and thymidine by adult 
Philophthalmus meqalurus (Co r t , 1914) (Trematoda) , 
as deteimined by autoradiography. J . P a r a s i t o l . , 
54: 295-304. 
Nolen, P.M. S. Nadakavukaren, M.J. (1974) Meqalodiscus 
temperatus: scanning e l ec t ron microscopy of tfTe 
tegumental sur faces . Expt. P a r a s i t o l . 36: 123-130. 
Nordgren, I . , Holmstedt, B . , Bengtsson, E & F inke l , Y. 
(1980) Plasma l e v e l s of me t r i f ona t e and d i ch lo r vos 
during treatment of schistosomias is wi th B i l a r c i l . 
Amer. J . Trop. Med. Hyg. 29 : 426-430. 
No rd l i e , R.C. (1971) Glucose-6-phosphatase hyd ro l y t i c and 
synthet ic a c t i v i t i e s . In : The Enzymes ( e d . Boyer, 
P . P . ) , Vol . 4, Academic Press , New York, PP. 543-610. 
Norton, S. & de Beer, E.J. (1957) I n v e s t i g a t i ons on the 
act ion of p ipe raz ine on Ascar is lumbrico ides . Amer. 
J . Trop. Med. Hyg. 6: 898-905. " 
Oakley, G.A. (1978) The use and abuse of anthe lmint ics . 
New South Wales Vet . Proc . 14: 37-41. 
Ohman, C. (1965) The s t ructure and funct ion of the adhesive 
organ in s t r i g e i d trematodes. Part I I . Diplostomum 
spathaceum Braun. 1893. Pa ras i t o l o g y , 55: 481-502. 
196 
Pan i t z , E. 8. Knapp, S.E. (1970 ) . In v i t r o e f f e c t s of 
c e r t a in anthelmintic diugs on h i s tochemica l l y 
demonstrable cho l ines t e rases and succinate ox idase 
Fasc io la hepat ic a. Amer, J . Vet , Res. 31: 
763-777. 
Pappas, W. (1971) Haematoloechus medioplexus; uptake, 
l o c a l i z a t i o n , and f a t e of t r i t i a t e d a rg in ine . 
Expt. P a r a s i t o l . 30: 102-119. 
Pappas, P.W. 8. Read, C.P. (1972) Sodium and g lucose f luxes 
across the brush border of a f latworm (Ca l l i obothr ium 
v e r t i c i l l a t u m . Castode ) . J . Comp. Phys i o l . 81: 
215-228. 
Pappas, P.W. & Read, C.P. (1975) Membrane t ransport in 
helminth p a r a s i t e s : a rev iew. Expt. P a r a s i t o l . 37: 
469-530, 
Pappas, P.W, & Schroeder, L . L . (1979) Hymenolepis 
microstoma: l a c t a t e and malate dehydrogenases of 
adult worm. Expt. P a r a s i t o l . 47: 134-139. 
Pappas, P.W., Uglem, G.L. & Read, C.P. (1973) Taenia 
c rass i ceps : absorption of hexoses and p a r t i a l 
cha rac t e r i z a t i on o f Na'^-dependent g lucose absorp-
t i on by l a r v a e . Expt. P a r a s i t o l . 33: 127-137. 
Pappas, P . , Uglem, G, 8, Read, C. (1974) Anion and ca t i on 
requirements f o r g lucose and methionine accumulation 
by Hymenolepis diminuta (Ces toda ) . B i o l . B u l l , 
146: 56-66. 
Parkening, T.A. 8. Johnson, A.D. (1969) Glucose uptake in 
Haematoloechus medioplexus and Gorqoderina 
trematodes. Expt. P a r a s i t o l . 25: 358-367. 
Pax, R., Bennett, J . L . 8. F e t t e r e r , R. (1978) . A benzodia-
zepine d e r i v a t i v e and praz iquante l : E f f e c t s on 
musculature o f Schistosoma mansoni and Schistosoma 
japonicum. Naunyn-Schmiedeberg's Arch. Pharmacol. 
i:iU4: 309-315. 
Pearse , A.G.E. (1961) Histochemistry , Theore t i ca l and 
Appl ied , 2nd Ed i t i on , Church i l l , London, 
Pearse , A.G,E. (1975) Histochemistry , Th reo r e t i ca l and 
Appl ied, 3rd Ed i t i on . Vo l . 1, Churchi l l L i v ings tone , 
Edinburgh, London and New York, 
197 
P h i f e r , K. ( i 960a ) Permeation and membrane t ranspor t in 
animal pa ras i t e s : the absorption of g lucose by 
Hvmenolepis diminuta, J . P a r a s i t o l , 46: 51-62. 
P h i f e r , K. ( i960b ) Permeation and membrane t ranspor t in 
animal pa ras i t e s : f u r t h e r observat ions on the 
uptake of g lucose by Hvmenolepis diminuta« J . 
P a r a s i t o l . 46: 137-144. 
P h i f e r , K. (1960c) Permeation and membrane t ranspor t 
in animal pa ras i t e s : on the mechanism of g lucose 
uptake by Hvmenolepis diminuta. J . P a r a s i t o l , 
46: 145-153. 
P ino, J.A» (1981) The t rop ics and the world demand f o r 
animal p r o t e in . In : Diseases of c a t t l e in the 
Tropics ( e d s . R i s t i c , M. & Mclntyre, I . ) Martinus 
N i j h o f f Publ ishers , The Hague, Boston, London, 
pp. 23-31. 
Plummer, D.T. (1971) An in t roduct ion to p rac t i ca l 
b iochemistry . Tata McGfaw H i l l , Ind ia , pp. 
112-114. 
Pouplard, L . (1977) (Anthe lmint i cs in v e t e r ina ry medicine, 
2. Trernatoda. 3. Ces toda . ) . Ann. Med. Vet . 121: 
5-13. 
Pr ichard, R.K, (1970) . Mode of act ion of the anthelmint ics 
th iabendazole i n Haemonchus contor tus . Nature 
(London) , 228: 684-685. 
Pr ichard , R.K, (1973) The fumarate reductase reac t i on of 
Haemonchus contortus and the mode of act ion of some 
anthelmint ics . I n t . J . P a r a s i t o l . 3: 409-417. 
Pr ichard, R.K. (1978a) Anthe lmint ics , In Proceedings 
No, 39 of the r e f r e s h e r course f o r v e t e r i na r i ans . 
Vol . 1 - The therapeut ic jung l e , Sydney, N.S.W., 
Aus t ra l i a , pp. 421-463. 
Pr ichard, R.K. (1978b) The epidemiology and contro l of 
g a s t r o i n t e s t i n a l paras i t es of sheep in A u s t r a l i a , 
( eds . Donald, A.D. , Southcott , V\I.H. 8. Dineen, J . K , ) 
East Melbourne, Aus t r a l i a , CSIRO, p, 75, 
Pr ichard, R,K, , Hennessy, D, & S t e e l , J . (1978) Prolonged 
administrat ion: A new concept f o r increas ing the 
spectrum and e f f e c t i v e n e s s of anthe lmint ics . Vet , 
P a r a s i t o l . 4: 309-316. 
1 9 8 
Prober t , A .J . & Durrani, M.S. (1977) Fasc io la hepat ica 
and Fasc io l a g i gan t i c a; t o t a l cho l ines t erase, 
char "ac te r i s t i es , and e f f e c t s o f s p e c i f i c i n h i b i t o r s . 
Expt. P a r a s i t o l . 42: 203-210. 
Prober t , A . J . & Lwin, T. (1974) . K i n e t i c p rope r t i e s , and 
l o c a t i o n o f nonspec i f i c phosphomonoesterases in 
subce l lu l a r f r a c t i o n s of Fasc io l a hepat ica . 
Expt. P a r a s i t o l . 35: 253-2^" . 
Prober t , A . J . , Gunn, A. & Sarda, R. (1982) The u l t r a s t ruc -
tu ra l e f f e c t s of ox fendazo le and praz iquante l on 
Moniezia expansa i n v i t r o . P a r a s i t o l o g y , 85: 13. 
P rober t , A . J . , Sharma, Fi.K., Singh, K. 8.Saxena, R. (1981) 
The e f f e c t of f i v e f a s c i o l i c i d e s on malate dehydro-
genase a c t i v i t y and mor ta l i t y of Fasc io la q iqant i ca . 
Fasc io lops is buski and Paramphistomum explanatum. 
J . Helminthol . 55: 115-122. 
Rahman, M.S. & Bryant, C. (1977) Studies of regu latory 
metabolism in Moniezia expansa, e f f e c t s of 
c aiibendazol e and mebendazole. I n t . J . P a r a s i t o l . 
7: 403-409. 
Rahman, M.S., Cornish, R .A . , Chevis, R.A.F. 8, Bryant, C. 
(1977 ) . Metabol ic changes in some helminths from 
sheep t r ea ted with mebendazole. N.Z. Vet. J. 25: 
79-83. 
Ramakrishna, G. V., Rao, L . & Simha, S.S. (1980) His toche-
mical l o c a l i z a t i o n of a c e t y l cho l i n e s t e rase a c t i v i t y 
in the whole mounts of A v i t e l l i n a sp. Proc . 3rd Nat. 
Gong. P a r a s i t o l . Hissar , Ind ia : ' 30, 
Rao, S . L . , Krishna, G.V. R. & Simha, S.S. (1982) The 
nervous system and esterase d i s t r i b u t i o n in 
Schistosoma sp inda l i s . Gurr. Sc i . 51: 363-365. 
Rapson, E.B. , Lee , D.L. S. Watts, S.D.M. (1981) Changes 
in the ace t y l cho l ines t e rase a c t i v i t y of the nematode 
Nippostronqylus b r a s i l i e n s i s f o l l ow ing treatment 
with benzimidazoles ijn v i v o . Mol. Biochem. 
P a r a s i t o l . 4: 9-15. 
Rathaur, S . , Anwar, N . , Saxena, J .K . & Ghatak, S. (1982) 
Set ar ia c e r v i : enzymes in m i c r o f i l a r i a e and i j i v i t ro 
act ion of a n t i f i l a r i a s i s . Z. Paras i tenkd. 68: 
331-338. 
Read, C .F . , Stewart , G.L. & Rappas, P.W. (1974) Glucose 
and sodium f l u x e s across the brush border of 
Hvmenolepis diminuta (Ces toda ) . B i o l . Bu l l . 147: 
146-152. 
Rebe l lo , S. & Rico, J .T . (1926) La r e a c t i v i t e des helminthes 
e tud ice par l a methode graphique. Macracanthorhyncus 
hirudinaceus. Compt. Rend. Soc. B i o l . 94: 915-919, 
Reiner, E, (1981) Esterases in schistosomes: reac t ion with 
substrates and i n h i b i t o r s . Acta Pharm. Tox i co l , 
49: 72-78, 
Reiner, E. , P e l i c a r i c , B, , Buntic, A, & Krvav ica , S. (1979) 
Choi inesterases in Paramphistomum microbothrium, 
Asca r i s suum and Neoascaris v i tulorum. Com p. Biochem, 
Phys i o l , 66C: 149-152, 
Reiner, E., Skr in j a r i c - S p o l j ar, ivi., K r a l j , M. & Krvavica, S. 
(1978) K ine t i c p rope r t i e s o f the cho l ines t e rase in 
Metastronqylus apri (Nematoda): substrate hydro l ys i s 
and reac t i on with organophosphorus compounds. Comp. 
Biochem. Phys i o l . 60C: 155-157. 
Rew, R.S. (1978) Mode 
Review paper, 
183-198. 
of act ion o f common anthe lmint ics : 
J . Vet, Pharmacol, Therap. 1: 
Rew, R.S. , F e t t e r e r , R.H. 8. Mart in, T.G. (1983) Fasc io la 
hepat ic a; e f f e c t s of d iamfenet ide f r e e anine on "" 
i n v i i r o phys io logy , b iochemistry and morphology. 
Expt. P a r a s i t o l . 55: 159-167, 
Robinson, D,L, (1961) Phosphatases in Schistosoma mansoni. 
Nature, 191: 473-474. 
Roe, J.H. & Da i l e y , R.E. (1966) Determination of g lycogen 
with the anthrone reagent. Anal . Biochem. 15: 
245-250. 
Roy, T.K. (1979a) Histochemical s tud ies on R a i l l i e t i n a 
( R a i l l i e t i n a ) j o h r i ( Cestoda:Davaine idae ) . I , 
Non -spec i f i c and s p e c i f i c phosphatases. J . 
Helminthol . 53; 45-49, 
Roy, T.K. (1979b) Histochemic al s tud ies on R a i l l i e t i n a 
( R a i l l i e t i n a ) i oh r i (Ces toda :Dava ine idae ) . I I . 
Nucleos ide diphosphatase and thiamine pyrophospha-
t a s e . J . Helminthol . 53: 261-263. 
Roy, T .K. ( i 979c ) Histochemical studies on R a i l l i e t i n a 
( R a i l l i e t i n a ) j o h r i (Ces toda :Dava ine idae } . I I I . 
Esterases. J . Helminthol . 54: 219-222. 
Roy, T.K. (1980a) D i s t r i bu t i on and funct iona l s i g n i f i c a n c e 
o f phosphatases in the bovine amphistome 
Cey lonocoty le sco l i ocoe l ium. Indian J , Exp. 
B i o l . 18: 385-392. 
Roy, T.K. (1980b) Cytochemical s tudies of es te rases in the 
bovine amphistome Cey lonocoty le sco l i ocoe l ium. 
Indian J . Exp. B i o l . 18 : 872-876. 
Rybos, M. 8, Dubinsky, P. (1981) A c t i v i t y of g lucose -6 -
phosphatase in the reproduct ive organs and muscles 
of As car l s suum. Helminthol ogi a, 18: 215-22. 
Sakemoto, K. & I s h i i , Y. (1977) Scanning e l e c t r on micro-
scope observat ions on adult Schistosoma j aponicum. 
J. P a r a s i t o l . 63: 407-412. "" 
Sanderson, B.E. (1972) Release of cho l ines t e rase by adult 
Nippostronqylus b r a s i l i e n s i s in v i t r o . Z. 
Parasi tenkd. 40: i - 7 . 
Sano, M., Terada, M., I s h i i , A . I . , Kino, H. & Hayashi, M. 
( i 981a ) Studies on chemotherapy of pa ras i t i c 
helminths ( 1 ) . On the i n v i t r o methods and 
para lyz ing e f f e c t s of avermectin B, on 
Anqiost ionqy lus cantonensis. Japanf J . P a r a s i t o l . 
30: 305-314. 
sano, M., Terada, M., I s h i i , A . I . & Kino, H. (1981b) 
E f f e c t s of aveimectin B on the m o t i l i t y of var ious 
pa ras i t i c helminths. Ex^er ient ia , 37: 844-846. 
Sano, M., Terada, M., I s h i i , A . I . , Kino, H. & Anantaphruti , 
M. (1982) Studies on chemotherapy of p a r a s i t i c 
helminths ( V ) . E f f e c t s of nic losamide on the 
m o t i l i t y of var ious p a r a s i t i c helminths. 
Exper ient ia , 38: 547-549. 
Saz, H.J. (1970) Comparative energy metabolism of some 
pa ras i t i c helminths. J . P a r a s i t o l . 4: 634-642. 
Saz, H.J. 8. Bueding, E. (1966) Re lat ionships between 
anthelmintic e f f e c t s and biochemical and phys io-
l o g i c a l mechanism, Pharmacol. Rev. 18: 871-894. 
2 0 1 
L.W., Saz, H.J. & Bueding, E. (1968) The 
32 i n t o adenosine 
dinanuta. J . B i o l . 
Sche ibe l ,  . . i , 
anaerobic incorpora t i on of P 
t r iphosphate by Hymenolepi'^ ' 
Chem. 243: 2229-2235. 
Schwabe, C.W., Koussa, M. 8. Acra, A.N. (1961) Host-
paras i t e r e l a t i onsh ips in echinococcos is . IV, 
Ace t y l cho l i n es t e rase and permeab i l i t y r egu la t i on 
in the hydatid cyst w a l l . Comp. Biochem. Phys i o l , 
2: 161-172. 
Schwartz, A . , Lindenmayer, G.E. 8. A l l e n , J .C. (1975) 
The sodium-potassium adenosine t r iphosphatase : 
and biocheuiic al 
3-134. 
pharmacological phys i o l og i ca l 
aspects. Phaimacol. Rev, 27: 
Semeyn, D,R,, Pax, R.A. , Bennett, J . L , (1982) Sur face 
e l e c t r i c a l a c t i v i t y from Schistosoma mansoni; a 
s e n s i t i v e measure of drug act ion. J . P a r a s i t o l . 
68: 353-362, 
Sen f t , A.W. 8. Hil lman, G.R. (1973) E f f e c t of hycanthone, 
n i r i d a z o l e and antimony t a r t r a t e on schistosome 
m o t i l i t y , Amer, J . T iop. Med. Hyg. 22: 734-742, 
Sharma, P .N . (1976) Histochemical s tudies on the d i s t r i -
bution o f a l k a l i n e phosphatase, acid phosphatase, 
5 ' - nuc l e o t i da s e and ATPase in var ious reproduct ive 
t i s sues of c e r t a i n d i g ene t i c trematodes. Z, 
Paras i tenkd. 49: 223-232, 
Sharpe, M.J. & Lee, D,L. (1981) Changes i n the l e v e l of 
a c e t y l cho l ines t e rase o f Nematospiroides dubius 
snd Tr i chos t ronqy lus co lubr i f o rmis f o l l ow ing 
para l ys i s by l evamiso l e i n v i v o . Mol, Biochem, 
P a r a s i t o l , 3: 57-60, 
Shaw, C,R, 8. Koen, A , L , (1964) Aspartate dehydrogenase 
a c t i v i t y o f malate dehydrogenase, Biochim, Biophys. 
Acta, 92: 397, 
Shaw, C,R, 8. Prasad, R, (1970) Starch ge l e l e c t r ophores i s 
of enzymes - a compi la t ion of r ec ipes , Biochem, 
Genet, 4: 297-320, 
Sheth, V,K, (1975) Mechanisms o f anthelmintic ac t ion . In : 
Progress in Diug Research ( e d , Jucker, E , ) , Vol , 19. 
Tropica l Diseases I I . Birkhauser Ver lag , Basel , 
pp, 147-157, 
159 
Sigma Technical B u l l e t i n No. 510. Co lo r imet r i c enzymatic 
determinat ion of g lucose . 
S i l ^ , M.H., Spence, J.M. S. Buch, B. ( 1970) Observat ions 
of Schistosoma mansoni blood f lukes in the scanning 
e l ec t ron microscope. S. A f r i c a J. Med. Sc i . 35: 
23-29. 
Simpkin, K.G. & Coles , G.C. (1976) Mode of act ion o f 
th iabendazole and mebendazole. P a r a s i t o l o g y , 73: 4. 
S i n c l a i r , K.B. & Pr i chard , R.K. (1975) The use of disophenol 
in studies o f the pathogeneci ty of the arrested 
four thstage l a r v a e of Haemonchus contortus i n the 
sheep. Res. Vet . Sc i . 19: 232-234. 
Skou, J .C. (1965) Enzymatic bas is f o r a c t i v e t ranspor t 
of Na and K across c e l l membrane. P h y s i o l . Rev. 
45: 596-617. 
Smyth, J.D. (1966) The physio logy o f Trematodes. Freeman, 
San Francisco. 
Smyth, J.D. (1969) The Phys io logy o f Cestodes. l . H . 
Freeman Go. Pub l i shers , San Franc isco . 
Smyth, J.D. & Halton, D.W. (1983) The phys io logy of 
trematodes. Cambridge Un ive rs i t y P ress , Cambridge 
London, New York, New Roche l le , Melbourne, Sydney. 
Sood, M.L. & Kaur, R. (1982) The in v i t r o e f f e c t s of some 
drugs on the morphology and his tochemistry of adult 
Haemonchus contortus ( Nematod a : T r i c h o s t r o n g y l i d a e ) . 
Helminthologia, 19: 61-70. 
Specian, R.D. 8. Lumsden, R.D. (1981) Histochemic a l , c y t o -
chemical and autoradiographic s tudies on the 
reste l lum of Hymenolepis diminuta. Z, Paras i tenkd. 
64: 335-345. ~ 
Stamps, S. & Terblanche, H .J .J . (1961) T r i a l s w i th Bayer 
2353 and o ther drugs as ces toc ides f o r ruminants. 
J .S . A f r . Vet. Med. Assoc. 32; 367-371. 
Standen, O.D. (1970) Drug a c t i v i t y against trematodes. 
Proc . Second In t e rn . Cong. P a r a s i t o l . , Washington, 
Part 5: 108-115. 
2 J 3 
S t a r l i n g , J . (1975) Tegumental carbohydrate t ransport i n 
i n t e s t i n a l helminths: c o r r e l a t i o n between mecha-
nisms of membrane t ransport and the biochemical 
environment o f absorpt ive sur faces . Trans. 
Amer. Micros. Soc. 94: 508-523. 
S t r i e b e l , H.P. (1978) 4-1 so th i ocyana to -4 ' -n i t r od ipheny l -
amine (C9333-G0/CGP4540), an ant ischistosomal 
compound with an unusual spectrum of anthelmintic 
a c t i v i t y against i n t e s t i n a l nematodes, f i l a r i a e and 
trematodes. In : Advances in Pharmacology and 
Therapeutics, ( e d . Adolphe, M. ) , v o l , 10, Pergamon 
Press , Oxford and New York, pp. 17-25. 
Sujatha, S . , Fernando, E. & Denham, D.A. (1976) The e f f e c t s 
of mebendazole and fenbendazole on T r i c h i n e l l a 
s p i r a l i s in mice. J. P a r a s i t o l . 62: 874-876. 
Suppowit, S.C. S. Har r i s , B.G. (1976) Asca r i s 
p u r i f i c a t i o n and poss ib l e funct ion in 
at ion of g lucose-6-phosphate i n muscle. 
Biophys. Ac ta , Enzymology ( E ) , 422 * 48-59. 
hexokinase: 
compartment-
Biochim. 
Sutherland, E.W. (1949) A c t i v a t i o n o f phosphoglucomutase by 
metal binding agents. J . B i o l . Chem. 180: 1279-1284. 
Tandon, V, & Mai tra , S.C. (1981) Stereoscan observat ions 
of the sur face topography o f Gastrothyl ax crumenif er 
(C rep l in , 1847) P o i r i e r , 1883 and Paramphistomum 
epic l i tum Fischoeder , 1904 (Trematod'a:Digenea). 
J. Helminthol. 55: 231-237. 
Tandon, V. & Mai t ra , S.C. (1982) Scanning el ectron mic ro -
scopic observat ions on the tegumental sur faces of 
two rumen f lukes (Trematoda: Paramphistomata). 
J, Helminthol . 56: 95-104. 
Tandon, R.E. & Misra, K.C. (1978) Acid and a lka l ine phos-
phatase a c t i v i t i e s in Fasc i o l ops i s buski (Lankester , 
1857) Odhner, 1902. Indian J . P a r a s i t o l . 2 : 
145-146. 
Terada, M., I s h x i , i , A . I . , Kino, H, 8. Sano, M, (1982a) 
Studies on chemotherapy of p a r a s i t i c helminths ( V I ) . 
E f f e c t s of var ious neuropharmacological agents 
on the m o t i l i t y o f Dipv l id ium caninum. Japan J , 
Pharmacol. 32: 479-^88, 
Terada, M., I s h i i , A . I . , Kino, H. & Sano, M. (1982b) 
Studies onochemotherapy o f p a r a s i t i c helminths ( V I I I ) . 
E f f e c t s o f some poss ib l e neurotransmit ters on the 
m o t i l i t y of Anqiostronqylus cantonensis . Japan J . 
Pharmacol, 32 : 643-653. "" 
211 
Thienpont, D.C. , Vanpar i j s , O.F.J. & Hermans, L .C. (1973) 
Mebendazole, a new potent diug against Synqamus 
trachea in turkeys. Pou l t . S c i . 52: 1712-1714. 
Threddyold, L . T . (1967) Electron microscope studies of 
Fasc io l a hepat i ca . I I I . Further observat ions on 
the tegument and associated s t ruc tures . 
P a r a s i t o l o g y , 57: 633-637. 
Threadgold, L . T . (1968) Electron microscope studies of 
Fasc io l a hepat i ca . VI . The u l t r a s t ruc tu ra l l o c a l i -
za t i on of^phosphatases. Expt l . P a r a s i t o l . 23: 
264-276. 
Threadgold, L . T . (1984) P a r a s i t i c P ia tyhe lminths . In : 
B io l ogy of the Integument ( eds . Berei ter-Hahn, J . , 
Mato l tsy , A.G. & ©ichards, K . S . ) , Vol . I . 
I n v e r t eb ra t e s , Spr inger -Ver l ag, Be r l i n , Heide lberg , 
New York, Tokyo, pp. 132-191, 
T ie fenbach, B. (1976) Panacur-wel twei te k l i n i s che prufling 
e ines neuen breitband-anthelminthikums. Die 
Blauen H e f t e Nr. 55: 204-218. 
T iner , J.D, (1958) A pre l iminary in v i t r o t e s t f o r 
anthelmint ic a c t i v i t y . Expt. P a r a s i t o l . 7: 292-305. 
Tomosky, T .K . , Bennett, J . L . & Bueding, E. (1974) 
Tryptaminergic and dopaminergic responses of 
Schistosoma mansoni. J . Pharmacol. Exp, Ther. 190: 
260-271. 
Uglem, G. (1976) Evidence f o r a sodium ion exchange 
c a r r i e r l inked with g lucose t ranspor t across the 
brush border of a f lat-worm (Hymenolepis 
diminuta. Cestoda) . Biochem. Biophys. Acta, 
443: 126-136. 
Lhiezurike, G.M. & Anya, A.B. (1980) Carbohydrate energy 
metabolism in Fasc io l a q i q an t i c a (Trematoda) . 
I n t . J . P a r a s i t o l . 10: 175-180, 
Uppal, P .K . , Dubey, S .C. , Kaushik, S .K. & Rawat, P .S . 
(1981) E f f i c a c y of Panacur (Fenbendazole ) against 
na tura l l y i n f e c t ed tapeworm. Ind ian J. P a r a s i t o l . 
5: 63-64. 
Van den Bossche, H. (1972) Biochemical e f f e c t s of the 
anthelmintic drug mebendazole. I n : Comparative 
b iochemistry of pa ras i t e s ( e d . Van den Bossche, H . ) , 
A^cademic P ress , New York. pp. 139-157. 
Zi)'6 
Van den Bossche, H. (1976) The molecular bas is o f anthel-
mint ic act ion. In ; Biochemistry of Pa ras i t e s and 
Hos t -Paras i t e Re la t ionsh ips ( e d . Van den Bossche, 
H. ) North Hol land, Amsterdam, pp. 553-572. 
Van den Bossche, H, (1978) Chemotherapy of pa ra s i t i c 
i n f e c t i o n s . Nature, 273: 626-630. 
Van den Bossche, H. (1979) The mode of act ion of anthelmin-
t i c s . Presented in summer meeting of assoc ia t i on 
f o r v e t e r inary c l i n i c a l pharmacology and therapeu-
t i c s . Glassgow, 9th Ju ly , 
Van den Bossche, H. (1980) P e c u l i a r t a r g e t s in anthelmintic 
chemotherapy. Biochem. Pharmacol. 29: 1981-1990. 
Van den Bossche, H. 8. de N o l l i n , S. (1973) E f f e c t s of 
mebendazole on the absorption o f low molecular 
weight nut r i en ts by Ascar i s suum. I n t . J. P a r a s i t o l . 
3: 401-407. 
Verheyen, A . , Borgers, M., Vanpar i js , 0. 8. Thienpont, D. 
(1976) The e f f e c t s o f mebendazole on the u l t r a -
s tructure o f ces todes . In ; Biochemistry of 
Pa ras i t e s and hos t -pa ras i t e r e l a t i onsh ips ( ed . 
Van den Bossche, H . ) , North-Hol land, Amsterdam, 
PP. 605-618. 
Verheyen, A . , Vanpar i j s , 0 . , Borgers , M. S. Thienpont, D. 
(1978) Scanning e l ec t ron microscopic observat ions 
of Cvst icercu s f asc io l a r i s ( = Taenia t aen iae formis ) 
a f t e r treatment of mice with mebendazole. J, 
P a r a s i t o l . , 64: 411-425. 
Voge, M. S. Bueding, E. (1970) Schistosoma mansoni: tegumen-
t a l sur face a l t e r a t i o n s induced by subcurat ive doses 
of schis tosomic ide amoscanate. Expt. P a r a s i t o l . 
50: 251-259. 
von Brand, T. (1973) Biochemistry o f P a r a s i t e s . Academic 
Press , New York and London. 
von Brand, T. (1979) Biochemistry and Phys io logy of 
Endoparasites. E lsev ier/North-Hol land Biomedical 
P ress , Amsterdam. 
von Brand, T. & Gibbs, E. (1966) Aerobic and anaerobic 
metabolism of l a r v a l and adult Taenia t aen iae f o rmis . 
I I I . In f luence of some ca t ions on gl i lcose uptake, 
g lucose leakage and t i s sue g lucose , Proc. Helminth. 
Soc. Wash. 33: 1 - 4 . 
2 J G 
Walley, J.K. (J.966) Oxyclozanide ( 3 , 3 ' 5 , 5 ' , 6 - p e n t a c h l o r o -
2,2 ' -dihydxoxybenz an i l i de ' Z a n i l ' ) in the treatment 
of the l i v e r f l uke Fasc io l a hepat ic a in sheep and 
c a t t l e . Vet. Rec. 78: 267-76. 
ward, P .F .V . (1982) Aspects of helminth metabolism. 
P a r a s i t o l o g y , 84: 177-194. 
Watts, S.D.M., Rapson, E.B. , A tk ins , A.M. 8. Lee, D.L. 
(1982) I n h i b i t i o n of a c e t y l cho l i nes t e rase secre-
t i o n from Nippostronqylus b r a s i l e i n s i s by 
benz imidazo le anthelmint ics . Biochem. Pharmacol. 
31: 3035-3040. 
Webb, E.G. (1964) The nomenclature o f mu l t i p l e enzyme 
fo ims. Exper i ent ia , 20: 592. 
Wilkinson, J.H. (1970) Isoenzymes. Chapman and Ha l l , 
London. 
va i l iamson, R.L . & Me t ca l f , R.L. (1967) i » a l i c y l a n i l i d e s : 
a new group of a c t i v e uncouplers o f o x i d a t i v e phos-
phory la t i on . Science, 158: 1694-1695. 
Wright, A . S . , Hutson, D.H. & Wooder, M.F. (1979) The 
chemical and biochemical r e a c t i v i t y of d i ch l o r vos . 
Archs. Tox ic . 42: 1-18. 
Yuanquing, Y . , Huizhong, Y . , Shuhua, X. , Baoruo, S . , 
Xueming, T . , Jianguo, Z. & Huixin, Z. (1979) 
Observations on the h i s t opa tho l o g i ca l changes 
of Schistosoma japonicum and host l i v e r caused 
by pyquiton in experimental chemotherapy. Acta 
Acad. Med. S in i cae . 1: 7-12, 
Yusuf i , A .N .K . , S i d d i q i , A.H. (1978) Some aspects of 
carbohydrate metabolism of d i g ene t l c trematodes from 
Indian water b u f f a l o and c a t f i s h . Z. Paras i tenkd. 
56: 47-53. 
